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Previous  attempts  have  been  no  de  to  employ  supposedly  nonlethal  weapons  in  quelling 
Civil  disturbance.  The  use  of  fire  hoses  has  been  tried  but  has  led  to  injury  and  to  an 
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INTRODUCTION 


In  responding  to  a domestic  confrontation  situation,  Army  personnel  armed  wlttr 
conventional  munitions  incur  a certain  risk  tlrat  their  intended  restrained  response 
may,  through  either  happenstance  or  isolated  malevolence,  he  uncontrollably  es- 
calated. There  is,  therefore,  the  necessity  to  hove  a less  drastic  response  capability 
(one  purposefully  less-than -lethal)  for  those  situations  to'  which  death  would  riot  be 
an  appropriate  deterrent. 


The  objective  of  this  program  was  to  develop  spherical  projectiles  containing  water 
or  other  liquids  for  less  lethal  applications.  Additional  effort  on  the  less  lethal 
area  was  o'so  conducted  under  LWL  TasLOl-F-72,  Less  Lethal  A mmuni  tion  for  Smo  1 1 
Arms.  This  development  effort  is  described  in  LWL  Technical  Report  No.  74-17. 


DEVELOPMENT 


In  the  beginning  cf  Hie  US  Army  Land  Warfare  Lab<-  atory's  (USALWL)  study  to  fir'd 
on  acceptable  means  of  quelling  civil  disturbance,  personnel  of  Mobility  Branch, 
USALWL,  ens  isioned  the  use  of  discrete  encapsulated  slugs  of  woter  launched  at 
moderate  velocity  to  accomplish  a relatively  noninjurious  desirable  effect. 

3-Inch  Diameter  Liquid  Ball 

Both  Government  and  contractor  personnel  pursued  the  concept  of  discrete  slugs  of 
water  in  frangible  spheres.  A child’s  toy  bail,  the  "Biue  Bird"  boll,  available 
locally,  was  chosen  for  Hie  candidate  sphere.  Under  funding  from  USALWL  Task 
10-M-71,  the  contractor,  AAI  Corporation,  Cockeysvi I le , MO,  prosecuted  develop- 
ment of  a less-lethal  projectile  using  the  3-inc!i  diameter  toy  bail  as  a basis.  The 
boll  maferial  was  ethylene  vinyl  acetate.  The  ball,  having  a skin  Hiickness  of  from 
0.030  inch  to  approximately  0.090  inch  at  the  seam,  was  scored  to  a depth  of  0.025 
inch,  filled  wiHi  water,  and  glued  to  a cupped  cylindrical  styrofoam  ond  homosote 
sabot  for  retention  purposes  (See  f igure  1). 

This  assemblage  was  designed  to  be  fired  from  on  existing  launching  system  vended 
by  the  service  contractor  for  firing  their  3-inch  diameter  riot  agent  dispensing 
grenade  (See  Figure  2).  This  existing  system  is  composed  of  a standard  12-gauge 
riot  gun,  an  L-110  launcher,  and  a tangent  sight  mounted  on  the  riot  gun . The 
launch  is  powered  by  a C- 200  blank  cartridge,  also  vended  by  AAi  Corporation , 

In  1971  USALWL  requested  the  Hien -operational  US  Army  Small  Arms  Systems  Agency 
(SASA)  to  have  the  Biophysics  Laboratory  at  Edgewood  Arsenal  perform  comparative 
hazards  studies  to  assess  Hie  probable  worth  of  further  effort  on  the  3-inch  diameter 
Liquid  Bali  (at  that  time  referred  to  as  the  Water  Ball).  The  Edgewood  Arsenal  study 
consisted  of  c series  of  shots  at  geiatin  filled  skulls  and  liver  and  lung  organs  of  goats 
and  baboons.  Test  projectiles  were  the  Rubber  Bullet,  a device  used  by  the  United 
Kingdom;  the  Stun  Bag;  and  the  USALWL  Water  Ball.  The  UK  RuLoer  Bullet  appeared 
hazardous  to  a range  of  approximately  63  feet  (difficult  to  pinpoint  exactly  due  to 
erratic  velocities).  The  MBA  Stun  Bag  appeared  hazardous  to  a range  of  85  feet. 

The  results  fiom  the  USALWL  Water  Ball,  however,  were  more  encouraging  and 
indicated  hazard  to  only  about  7 feet.  (Refer  to  Edgewood  Arsenal  Biophysics  Labor- 
atory Report  EB-TR  73056,  by  Heieck  and  others.)  SASA  recommended  further  work 
on  the  liquid-filled  frangible  sphere  due  to  its  relatively  low  hazard. 

The  concept  was  pursued  furt*  oy  Munitions  Branch,  USALWL,  which  was  th^-n 
engaged  in  evaluation  of  salient  commercial  less-lethal  munitions  and  certain  other 
new  concept  items.  To  determine  quickly  that  optimum  size  of  Liquid  Ball  which 
was  most  effective  and  least  damaging,  it  was  derided  to  investigate  the  tactical, 
flight,  and  impact  characteristics  of  three  different  sizes.  The  sizes,  corresponding 


Less-Lethal  Liquid  Ba 


Diameter  Less-Lethal  Liquid  Eall 
iponents,  and  Coranercial  Grenade 


to  available  launch  mechanisms,  were  those  which  would  fit  12-gauge,  40mm  ond 
3-inch  guns  or  launches.  Because  of  flic  enviionmcntal  cons Idero t Ions  associated 
with  military  items,  the  filler  material  (100%  woter)  had  to  be  icplaced  b / a 
liquid  which  would  not  become  solid  (and  lethal  or  unusable!  when  stared  at  ex- 
tremely low  temperature  prior  to  use  in  a northern  CONIJS  location.  Of  the  various 
candidate  fillers,  a mixture  of  glycerine  and  water  appeared  best  to  permit  low 
temperature  storage  and  tactical  employment,  to  insure  o minimum  of  public  objec- 
1 1 cm , to  prevent  harmful  physiological  effects  to  user  ond  target,  and  to  minimise 
certain  risks  if  the  munition  were  a candidate  for  adoption  into  the  Army  inventory. 

A work  assignment  under  an  existing  contract  with  AAI  Corporation  was  executed 
for  fabrication  of  500  of  the  3 -inch  diameter  Liquid  Bolls  having  the  improved 
filler.  The  controctcr  provided  a 60%  glycerine  ond  40%  woter  filling  for  the 
serrated  balls.  Specific  gravity  of  the  mix  was  about  1.2.  The  weight  of  the  filled 
boll  was  265  grams  •*  3 grams.  The  contractor  also  provided  drawings  (see  Appendix 
A).  The  depth  of  the  two  normal  diametral  serrations  was  kept  at  0.025  inch.  The 
burst  energy  of  sample  projectiles  was  about  3,5  foot-pounds.  Because  of  the  large 
variation  in  skin  thickness  in  the  balls,  this  burst  energy  figure  was  variable. 

Loading  and  tiring  tbe  launch  system  for  the  3-inch  diameter  is  clumsy  ond  time- 
consuming--a  tactica'  disadvantage.  The  sequence  is  os  follows: 

1.  Place  the  butt  of  the  gun  on  Hie  ground  nod,  grasping  the  L-110  Launcher  or 
the  riot  yun  barrel  to  steady  it  with  one  hand,  insert  a Liquid  Boll  into  the  mouth,  of 
the  launcher  with  Hie  other  hand.  Press  firmly  down  on  the  Liquid  Roll  forcing  the 
sabot  to  engrave  into  the  rifling  of  the  la  rnchcr  bore. 

2.  After  raising  the  gun  to  waist  height  and  holding  the  gun  horizontal  o'  the 
balance  with  the  left  hand,  place  a blank  cartridge  into  the  chamber  with  the  right 
hand.  (The  shori  biarrk  C-200  cartridge  must  be  manually  looded  for  reliable 
operation.) 

3.  Shoulder  the  loaded  and  charged  launcher  and  riot  g.,n  and  then  sight  ond 
fire. 

Because  of  the  care  required  to  avoid  rupturing  the  boll  while  forcing  the  sobot  fc 
engrave  into  the  rifling,  o rate  of  fire  of  only  obout  3 shots  per  minute  was  experienced . 

40mm  Liquid  Bo  1 1 

Another  work  assignment  under  die  same  R & D contract  provided  fo>  d n elopment 
of  a 40mm  version  of  the  Liquid  Boll.  The  final  design  is  shown  os  on  assembled 
cartridge  (see  figure  3).  Tire  boll  itself  is  a serrated  glycerin  and  water  -filled 
ping-pong  ball.  This  celluloid  type  ball  moterial  is  0. 015-inch  thick  ond  is 
serrated  on  two  normal  diameters  to  a depth  of  O.OlQ-inch  for  ecsy  fracture  upon 


target  impact.  Impact  fracture  consumes  about  0.7  foot-pounds  of  energy.  (Refer  1o 
drawings  in  Appendix  B.) 


12-Gauge  Liquid  Ball 

A 12-gauge  Liquid  ball  was  designed,  fabricated,  and  tested  by  bSALWI, 
The  projectile  hsd  the  following  cha  raetonst  *ca. 


length 

diameter 

ogive 

jacket  thickness 
base  plug  length 
jacket  material 
filling 
weight 


1.08  inch 
0.67  inch 
spherical 

0.063  Inch 
0. 25  inch 

si' icone  elostomere  RTV-602 
glycei  in  & water 
5.5  grams 


inllucin^  preliminary  tests.  it  was  determined  t ‘-..it  ■<  vnmiuerc  i u 1 I \ - 
:i\  .ii  1 ,u>  l c marking  pellet  could  he  used  to  economically  provide  I 'j  <’ 
test  data.  Ihese  pi- 1 let  s ;i;id  a t ti  1 n k l n composed  u!  :;«•  1 .'i  1 i n and  ;■  ly  ec  r i n- 
and  lues  were  tilled  with  a lead- free  oil -based  paint.  I he  specific 
g rat  1 1 ' ol  the  paint  was  I , virtually  i den  t < ea  1 to  that  1 > t the  <d  •/  1 " 
j-lycerine/water  i:ii\  usr,!  in  the  other  li.piid  t»  n 1 I < . Ihese  pellets  >n  : e 
ptinured  i rom  the  Nelson  I’aint  l.oirpans  . Iron  Mountain,  'll  cli  i j;.m  r'M'l. 
Ihese  "Nelson  Markin,;  ivilets"  were  fired  fre.i.i  a l-’-tui'e  ■ I i - * • 1 1 rmt  i:un 
and  t'roi  a "No  1 -.Spot  nnT  ' Ui , mark  ini;  pistol. 


target  impact,  impact  fracture  comumes  about  0.7  Foot-pounds  of  energy.  (Refer  to 
drawings  in  Appendix  B.) 


12-Gauge  Liquid  Ball 


A 12-gauge  Liquid  Rail  was  designed,  fabricated,  and  tested  by  USALWL 
The  projectile  had  the  following  characteristics: 


length 

diameter 

ogive 

jacket  thickness 
base  plug  length 
jacket  material 
filling 
weight 


1.08  inch 

0.67  inch 
spherical 
0-063  inch 
0 . 25  inch 

si'icone  elcstomere  RTV-602 
glycei  i n & water 
5 . 5 grams 


i ul  luwmj,  preliminary  tests,  it  was  determined  that  i i <’-ir  erci  .>  1 l \ - 
available  marking  pellet  could  he  used  to  econonu  . a I ly  provide  1.’ 
test  data.  Ihese  p*'  1 let  •-  and  a thin  skin  composed  of  -..'Hat  in  ar-.i  Hycenr- 
ana  tin’)  were  filled  witn  a toad-free  oil-'-nseJ  yicit  . She  specific 
gravity  of  tne  j'amt  was  j.ji  virtually  identical  to  that  of  the  <■"/ I" 

>■  1 yee  mu’ /w  at  or  mis  used  in  the  other  liquid  halls.  liie-e  pellets  wire 
procured  t rom  the  Nelson  faint  Company,  Iron  Mount  a;  i . Micnip.an  l-'.sii. 
Ihese  Nelson  Marking  I’e  I lets  ' were  fired  from  a Id-ruice  Ml  2<  •"  n ot  run 
and  t rom  a "Nel-bpot  Pn7"  t.u  , mark  inf  pistol. 


WEAPON  SYSTEM  FIRING  TESTS 


Firing  tests  by  the  H.  P.  White  Laboratory,  Delair,  MD  performed  under  contract 
DAAD05-73-C-0532  yielded  information  on  the  following: 

1 . accuracy  at  ranges  of  6.4,  20,  35,  50  and  70  meters 

2.  stress-condition  accuracy  at  35  meters 

3.  cold  temperature  storage  and  firing  characteristics 

4.  gross  effect  of  cross-wind 
5 . maximum  range 

Contractor  reports  on  results  of  firing  tests  of  the  3-inch  diameter,  40mm,  and 
1 2-gauge  Liquid  Bal L are  located  in  Appendixes  C,  D and  E . 


IMPACT  TESTS 


Munitions  Branch,  USALWL,  funded  physiological  testing  of  thj  three  Liquid  Balls 
through  Biological  Sciences  Branch,  USALWL  to  AAI  Corprration.  Physiological 
testing  was  completed  in  September  1973.  Refer  to  l.WL  Technical  Report  No.  74-79 
"The  Effec's  of  Less  Lethal  Projectiles."  This  report,  which  is  in  preparation  at  this 
time,  will  provide  information  on  impact  damage  done  by  various  projectiles. 


kESULTS  & CONCLUSIONS 


1 . Weapon  systems  firing  jests  indicate  that  the  accuracy  characteristics  of  the 
Liquid  Balls  in  existing  launchers  would  permit  consistent  hits  on  a designated 
individual  at  a range  no  greater  than  about  20  meters. 

2.  Poor  accuracy  appeared  to  be  in  part  due  to  viscous  snear  of  the  liquid 
filler  in  the  larger  balls.  At  low  temperature  when  the  filler  became  relatively 
inviscid,  the  accuracy  improved. 

3.  Maximum  range  for  employment  in  volley  fire  against  crowds  would  be 
slightly  over  TOO  meters  for  the  40mm  and  3-inch  diameter  Liquid  Ball  systems  as 
tested.  Maximum  range  for  the  12-gauge  Liquid  Ball  system  tested  was  about  65 
meters. 

4.  The  present  launch  system  for  the  3-inch  diameter  Liquid  Ball  is  operationally 
unacceptable  due  to  its  low  reloading  rate.  Use  of  a more  rapidly  reloadable 
launcher,  several  preloaded  throwaway  launchers,  or  use  of  the  balls  in  a multiple- 
shot  launcher  (possible  vehiUe  mounted)  could  overcome  this  problem;  however  its 
utility  would  still  be  limited  by  aiming  and  accuracy  considerations. 

5.  The  present  hard  nylon  sabot  for  the  40mm  Liquid  Ball  makes  this  particular 
configuration  hazaraous. 

6.  Impact  test  results  available  to  date  indicate  the  3-inch  Liquid  Ball 
exhibits  less  hazard  to  test  targets  than  the  smoller  sizes  of  balls  for  the  same  level 
of  energy. 


RECOMMENDATIONS 


1 . When  additional  evaluated  information  on  damage  phenomena  associated 
with  blunt  trauma  for  the  Liquid  Balls  and  certcin  other  items  developed  under 
Task  01 -F -72  becomes  available,  it  is  recommended  that  the  Parent  Agency  (ARMCOM) 
consider  this  and  ether  data  and  develop  o program  to  provide  the  US  Army  with  a 
less  lethal  munition,,  system  which  will  maximize  desired  safe  effects  (possibly  those 
associated  with  the  3-inch  ball)  arid  minimize  those  undesirable  tactical,  safety, 
and  physical  characteristics  (some  noted  in  this  report)  which  preclude  successful 
system  use. 

2.  Should  the  parent  agency  determine  (upon  availability  of  this  evaluated 
information)  that  a 3-inch  liquid-filled  sphere  would  present  the  best  combination 
of  desirable  effects  and  minimum  undesirable  characteristics , it  is  recommended 
that  a projectile  be  designed  with  internal  ribbing  to  immobilize  the  liquid  and 
thereby  provide  better  accuracy. 

3.  Use  of  a softer  bell  material  such  as  silicone  elastomer  RTV-602  for  other 
inert  ‘Tangible  elastomer  having  hardness  of  around  Shore  A20)  is  recommended  tc 
preclude  unnecessary  laceration  of  sensitive  tissue. 
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Figure  1.  Tliree-Inch  Less  Lethal  Liquid  Ball  Projectile  Assembly 


A- 3 


t ^i.b  AbClfb 


OC708CK  /(,  /9  72 


ABURDLLN  PROVING  GROUND  MARYLAND  21003 


~1 


0*0  fO?  ~ )0 


CYO/02  00  ' 


r 


PART  NAME 


■ ARE  IN  INCHES 

Ifi  ON 

| DECIMALS  ANGLES 

L r .~>0  ■ — 


CLASS  J 

h=^- 

Lr-- 



Liquid  Ball 


1 

ORIGINAL  DATE 
OF  DRAW.NG 

CC70BIR  /L.  f97 

2 

DRAFTSMAN  \'J  JA  / / - * 

W/C  72. 

CHECKER  /£, 

IQ'IL-IZ 

PROJECT  ENG  jSjLjtf 

,‘£>-/7  ’7* 

PROJECT  NO 

Ol-F-73 

A PPROV£D 

DATE 

CORPORATION 

COCK£YSV!LLE , AW. 

ABERDEEN  PROVING  GROUND.  MARYLAND  21005 

U.  S.  ARMY  LAND  WARFARE  LABORATORY 

5 KB  or 

SIZE  CODE  1DENT.  REV 

c Vjgf  omozooi 

SC*LE  t/t  j DAf\D05'72-C-oa09\™^  7 7 


I 


/Vorss: 

/.  MAT£P/AL  //OMA50T £ COMP  //Y5(/lAr,/V&  &OA/?o 
//OMASOrS  COMPANY , TPSWrOA/'  /Y.7. 


20030IOW 


3.275  - . 0/S  07 fi 


I 


* /7Y5(/i/)r/A70r 

rOU  /K  7. 


OTY 

j PA  AT  NO  J 

/ 

0*0702003 

OAO/O2000 

QTV 

NEXT  ASSY 

USED  ON 

AE  PLICATION 

PART  NAME  | 

UNLESS  OTHERWISE  SPECIFIED  Ioriginal  date 

- OF  DRAWING 

DIMENSIONS  ARE  IN  INCHES  s-tS' Tr*  O 

tolerances  on  C/G  / Oci 

FRACTIONS  DECIMALS  ANGLES  

L 'C&L, ^^9 * DRAFTSMAN 

MATERIAL  

/VOTE  / CHgCKE* 


OCTOBER  /6t  /9?a 


HEAT  TREATMENT: 


DRAFTSMAN 

U >A  If/efi 

CHECKER 

V.Sfjfautj 

PROJECT  ENO. 

PROJECT  NO. 


OZ-F-73 


APPROVED 


/>*/  CORPOR/IT/OT/ 
C0CK£Y5\7/LL£  S1& 


Figure  3.  Pusher,  3-Inch  Liquid  Ball 


o«oio20oe 


/.  co/!7  ear//  a/bcbs  w/r a cameht  aap 

ALLOW  TO  C(/££  A£A  MA  NUFfi  C TUBf  *5 
/ HSr/?(/cr/ONS  F/?/OR  TO  ASS  £ A1B  L Y 


2.  SC/GQTS  T££>  SO(//?C£  : £?£ S T T£ST-  A ’(/BBS/? 

CfA1£/VT  Ao.  500,  (/A/O/V  £?(/&&£ A f /)S£?£ST05 

Co.  y TAPAfOA,  /YJ-. 


0#'»OZ003 


' Ncti  ! | 

U 


C£M£\'T  A#p 

M/fACruffl'S 

SS£rtBLY. 

7 rs ST  - T?(/SB£7? 

't/ssffi-t  srs  ros 


\ i -A  - 1 


j $)  A Q10~ I 


■*1 


A-  9 


DRAFTSMAN 

O fh*<\ 

/0-/i-7i 

U S.  ARMY 

ChICKIR 

\ Tgy 

'O-K-lL 

SBfi !^|^QQ 

SABOT 

TrlOjECT  NO 

OZ-F-73 

a^pnovi o 

DAT* 

mi:  CODE  IDENT. 

NO 

r 9738? 

**  f cofiPOR#r/0#  | 

COCKi  ysvui£  . HD.  | scale  /// 


£00201060 


f/LL  HOLE 
HOLE  S 


y 


No  res : 

/.  MAKE  DPMI  P/N  fOuGSt/7  SUGsESTf  f) 
SOURCE , T//E  A A /ZONAL  LATEX  PRODUCTS 
CO.  SA6  last  at™  STREET'  ASHLAND. 
OU/O . HR  QOS  . 

2.  SCOPE  DEPT //  TO  BE  .02  5. 

3.  C/LL  BALL  WITH  L/QU/D  COAS/S T/NG  OF: 

COMMERCIAL  GL  YCEdN  (60%  BY  WT) 
WATER  (R0%  Br  WT) 
ADJUST  WE /GAT  OF  C/E  LED  SCI  L TO 
2L5.  0 ± 3.0  GRAMS  TCTALZ  TREE/  HEAT  SEAL. 

V.  C/LL  ED  BALL  MUST  W/FH  5 TAf/D  A 

3 COOT  DROP  TEST  O/V  //A PD  C ONC  PE  T£ 
W/TBOUT  PUP  TUP/NG . ( PO/NT  OF  /AT PACT 
TO  BE  AT  /NT ECS E C T/ON  QC  SCOPE  MARKS) 


r 


T,  suggested 
.'atex  products 

SET  ASH  CAPO. 

02  5 . 

i COPS/S  r/p&  OH: 

(60%  by  Wl) 

(P0%  BY  wr) 

€ &/UL  TO 

(,  r#£/v  h r a r seal. 

fS  TflPO  . 3 
<ABO  C0PGH£7£ 
PO/RT  or  /fit PACT 
">£  SCORE  AY  APRS  ) 


SCORE  MARhs  AROUPO  C'PC(/Pr£R£/VCC 


TRADE  MARK 
(EACH  TAP) 


PART  NAME 


REVISIO  JS 


1M 


f£*  '£HC£ 


ntscHipnoN 


AWHOVID 


TF?/\p£  JAARt < 
£ACR  : A/n) 


0*0/0  ZOO* 


REVISIONS 


DESCRIPTION 


oatl  a^rovio 


* OOZ0!C,J/0 


i 

i 


i 

i 


QTY  1 PART  NO 

PARTNAME  | * 

UNLESS  OTHERWISE  SPECIFIED 

original  oat£  ; 

OF  DRAWING 

OCTC&£R  /(,,  /9?K 



DIMENSIONS  ARE  IN  INCHES 
TOLERANCES  ON 

FRACTIONS  DECIMALS  ANGLES 

, - * — * /S' 

DRAFTSMAN 

J fA<  ii/tf* 

MATERIAL: 

Af07'£  / 

CHECKER 

tfSTIOHiO 

/o-H 

— 

PROJECT  ENG 

‘0~i 

PROJECT  NO.  ] 

0Z‘F~73 

FINI5H: 

AFPPCVED  1 

/ 

OYOW2COO 

090102.000 

QTY 

NEXT  ASSY 

USED  ON 

HEAT  TREATMENT: 

A fir  CORPORATION 
COCKCY5  VtLLE,  Ml>. 

APPLICATION 

Figure  5.  Pr  jectile,  3-Inch  Liquid  Ball 


A - 1 1 


*f-£R£/YC £ 


TRADE  MARK 

(EACH  f/Yl  ') 


PART  NAME 


STOCK  SIZE 


I otherwise:  specified 


|»NS  ARE  IN  INCHES 

iNcrs  on 

£/NS  OECIMAi  S ANGLES 

J T- 1 JAL. 


p — 

\T£  / 


ORAFT5MAN 

R-fL-  72 

CHECKER 

ID  -/fe-7  1~ 

PROJECT  ENG 

. 

mss*! 

ORIGINAL  date 
of  DRAWING 


OC  TONER  /(> , /97S 


PROJECT  NO. 


OZ-f-73 


I 


MATER  *L 


SPEC  1 ITEM 


ABERDEEN  PROVING  GROUND.  MARYLAND  21005 


U.  5.  ARMY  LAND  WARFARE  LABORATORY 

P/tOJEC  T/L  £ 


approved 


srze  1 CODE  IDENT. 
[NO. 


RAT  CORPORATION 

COCKEYSVILLE  MO. 


97384 


miozoot 


wev. 


SCALE  ~f/t  [ Pf)f)QQ5  - 72 - C - 02 09\*Htr~  i or 


Z~  CRIMP  BASE  Pi.U<S  360?  AL/£AAGt  LAStATiNO  POftOC 
TO  B£  3300  I US  OR  MORfc  with  UO  VAiUtS 
BCLOW  2000-  .65  Ci*  MR  POACt.  IIJOZ  TO  1 5000  l_BS 
u&'tJO  a ;piKPh;g  Ppm; h .535  t oob  ojI3>iD4  dia 
ArJO  4*W  Part  AMPLE. 

,3-  LOAD  WITU  M3  PROPtU-AMT  TO  MPCr  Tufc  MEAkJ 

velocity  of  Peer  per.  secomd.  (£_z  grains 

i.OI  OKAiMS} 

4-  PRiM£A  Tu  Be  PluSH  to  .003  n: Ax.  B£lovO  BASE  Plug». 

5-  oeruRAToR  ins£ation  to  bc  aogompl i shod  br 

TEMPORARILY  b£FORMIN{»  A POINT  OM  T H£  OBTURATING* 
-5JRTACC  LOHICM  PROVIDES  A V£NT  TO  PREVOUT 
PROPEU-ANT  CUP  D€.  FORM  ATI  ORi, 


i;S  ARMY  LAND  WARFARE  LABORATORY 
aftAOEO*  OW0V1NC  OROuNO.  KtK'UW  *i003 

ASSEMBLY 


!aa;  c^^kat'gn 

OCl^£.vw\jiLi_B  , FID 


D 57334'  040103000 

*<*_■  DAACk^V-  7Z-  00^73  »•**  I 


O'  l 


B-3 


04010300! 


T! 


, MU6 
jc.  80444.10, 


| ot>  "]  p*»r  no 

— 

. . 

i 

640103000  — 

OTV 

NRJCT  A**V  > W'KOON 

APPLICATION 

^ * C T NAME 


• TOC  K I ZI 


UNLESS  OTHERWISE  SPCCtriED 


Ol-t*>»'ON|  AA£  IN  'SCH»1 
ON 

M»C"On»  UCCllKALt  ANCLII 


MATIRI1  L 

SE.E  MOTT.  1 


OUh'.'Nal  OAYC 

UT  D**AvNi>.0 


8-31-73 


U.  S ARMY  IA 

AEtRDLLN  PROV^ 


i 


e/ibh*> I pACC  / 

c*‘"  ;lovo^  &/2\Jv*>  i L#j 


PROJECT  INQ 


PROJECT  no 


02-F-73 


f NI*N 

APPRO\EO  OAT( 

MEAT  ? R I.  A TU  C NT 

AAI  CORPORATION 
COCKC  TSVI1.UE.  MD. 

40  MM 

MODIFU 


root  iocnt 
NO 


S73S4  j J 

“El Tda/UO 


Finurt’  2.  Cdr;ridm-  Case,  40inm  Liquid  Hall  (Modified  M11K) 


qi-id  Ball  (Modified  Ml)8) 


040103001 


I 


[ orr  | pa^tho 

UNLE| 

OlMfNl 

TOl  KH 

F R ACT 

MATIHII 

Pl-A| 
i-ll  1 

pot, 

PiNI»H: 

i 

— 

arv 

N 1 KT  Af  9V  j L'SfDCN 

HEAT 

■I 

J 


APPLICATION 


fcE.5.  MOTE.  2, 


.TOO  C>^ 
\.t\0~.OlO  C>i  A 


l.’SfcO-.OO'T&A. 


.045  R 
(TMP) 


CO?,  PL  A ' 

PE  RMiSS^BLc. 


>5  WW 

'iTw  ;sj  .0 05 
EOECTiOU 


— H .-*.<bC 

SECTION!  B-B 


.12.5 

~ *>12. 

-.-*><bO-.OiO 


OTV 

j PANT  NO  | 

1 

G40I05000 

OTV 

N I XT  AllY 

VttO  ON 

APPLICATION 

^AJIT  NAMl  [ 

UNLESS  OTHERWISE  SPECIFIED  Ioiioinal  °ATf 

Kjf  O^AWJNC 

OiWl  »JflON1  AffC  IN  1N<"  Hit  t 

TOl  (NANCtl ON  / 

fWACTtONI  OCCIUAL*  ANQl.II 

I 0 ! 1.  — Off AFTfM AN 

MAT  ( fflAL  . 

Plastic  CWKCKit" 

Ml -DENSITY  ~°JtCTiNq 

P0UYE1TKYUEME.  ^oJtcTNo 


HIAT  Tfff At  M(NT 


8-3 1-73 


D»AFT*MAN 

«.V4c4i2-‘i-72 

CNICK^R 

LflWt  1 W2lhs 

PWOJtCT  fNO 

rXjL.fyL,"i/'7^hs 

1*V>JiCT  NO  ' 

0 

2-F-73 

APPROtfCO 

OATS 

AAI  CORPORATION 

COCKtVSVILLE,  MD. 

ABERDEEN 


U S.  ARM 


MU. 

C 97. 


Figuri'  3.  Obturator,  40mm  Liquid  Kail 


040103002  I 


■*-  ^>££  MOTE.  Z 

1 

l.56>0~. 

r 

OOTDiA. 

.046  R 

(TSP) 

1 

L 

ft 


I 

-4-  b-.ii  z. 

—4  }-•— .-s&o -.oio 

SECTiOM  B-B 


|AAI  CORPORATION! 
COCK&Y5VILL& . MU 


ABtRDEEN  PROVING  GROUND.  MARYLAND  2«003 


U S ARMY  LAND  WARrARE  LABORATORY 

OBTURATOR 


040103002. 


AAD65-72-C-0203  »M‘*T  \ °"  \ 


Urator,  &0inni  Liquid  Hall 


040(03002 


-.006 


SECTION  A -A 
SC  ACC  /0/j 
( TCP.  BALL  SCORE 
MARK) 


SCORE  MARKS 


‘VOTES  : 

I -BALL  MUST  SC-UA'.CX  U<tar) 

TABU  7.ZA-MJS  B'.LLC  ( MOL  JN 

.1  > ; ; 

E-  LluUlU  TO  &C  A M.aTLUE  OK 
CO  7o  (=>L  YCCR/M  AajD  40  Vo 
MATER  3Y  UJ LIGHT. 

J-  SEAL  IN  ITU  DUCO  ® CEMENT 

E.l.  DU  POUT  DE  NEMOURS  l CO  (INC.) 


14 i L M/aHS TOM , DLL.  13333 
OR  E A U/ VALENT. 

4- TILL  BALL  COMPLETELY  W/rti  A 

HYPODERMIC  NEEDLE  AND  SYRINGE  uE 
equivalent,  aptzr  pilling,  clear/ 
SURE  ACE  A ROUND  HOLE  THOROUGH/  Y 
VHTH  IN  ATE  R AND  LET  ALR  DAY. 

SEAL  FILL  HOLE  IN/TH  MINI  mum  AMOUNT 
OF  SEALANT  AND  LET  AIR.  DRY  PER. 
MANOR  A C TURE  R £ /NS  TR  UC  T/ONS . 


AR. 

Si 

AR. 

Lh 

1 

-/ 

BA 

jxC 

- 10 

b\ 

040163663 


1-hAU  MOST  PC-AA'C 
TS£U  Tl\  njs  8 .~L- 


:.d  STM) 
/add  /.v 


E'  L/OUlD  10  SC  C*  ShXTU'C  O' 
60  7o  ELYCCRJ.V  AajD  40c/0 
MATES  3Y  hElEH  T. 


J-  SCAT  Mini  CjUCO  ® CEME.V7 
k.L  DU  POAJT  D£  PC  FOURS  £ 
UlLMJH&TOK) , DEL.  /333< 5 
OS  EQUIVALENT. 


7 U/6  C /PC UPPER. 
SCORE  MARK  5 


•PILL  DuLL  COMPLETELY  VfiFN  A 
HYPODERMIC  NEEDLE  AND  SY RINSE  Ok. 
EOUIVALCAJT.  Af-ltR  F/LL/Y/E,,  CLEAN 
SURA  AC  € AROUND  POLE  TUOROUGNL  Y 
WITH  MATER  AND  LEI  AIR  DRY. 

deal  fill  hole  uuth  m/aJ/yun  amount 

OF  SEALANT  AND  LET  A/R  DRY  PER 
MAN  OF  AC  TLJRE  R S INS  TR  UC  TJONS . 


YAOIO^O  — 


')'•>>  . hall  As  humbly. 


i -y 


Kfibly,  ' I:-1 : 1. 1 :jii  ■ ti  j'„;  1 1 


1 040(6300. 


[ OTV  | PAPT  NO 

— ^ 

UNLESS  1 

DiMKNsro^ 

TOLCNAH 

PMACTIOH 

MAT(  WlAL:^ 

.090  R 
\2-5  R 

”T 

740*. 00$  R 


090  R 
12.5  R 

'1 

74CM-.00  5 R. 


.74-0  + . OOt  R SPKER 


(v5EF' 


.OO^K 

MKt 


^.TML  / 

scaled.  10/ 1 


ONi.«.Si  uintNwiit  ^HtClMLD  o»iC.n*l  day; 

of  OHAWr.NG 

OiyiNvON»*»r  in  inCh[* 

TOi-E»ANCf  $ ON  ^ 

FRACTION*  DICiMAlt  ANGLE# 

- - C iO  - < • 

■ — »-3C-JS  —A DRAFTSMAN 

MATERIAL 


8-31-7 


MYLOM  POAiM 

ISy.RB&RSuA.S 
FI0ERFIU  F 3 - i 5 
MYLAFIL  / FOAM 


4-  1 040103000.  

Tt n NEXT *SSV  I USED* 


<ExT  aSSV  I USED  CN 

APPLICATION 


HEAT  TR«ATVIiNT 


DRAFTSMAN 

■! 

CHECKER 

l 

PROJECT IHG 

PROJECT  NO 


AAI  CORPORA! -ON 

C0C.K£Y£V!LL£ , 


Figure  5.  Sabot  Segment , 40mm  Liquid  ball 


I R SPH&R 


t (j?.ef)- 


(040103004 


TI'.ST  Hi: PORT 


1,1. SS  1,1  THAI,  3- INCH  LIQUID  li A 1.1.  - 


(Task  02-1-73  Contract 
NO.  D.UiU)N-73-C.-or.3J 
WORK  ORDLR  NO.  11) 


Prepared  lor 

United  States  Army 
Land  Warfare  Laborateny 
Aberdeen  Proving  Oround,  Maryland 


By 

H.P.  Wliite  laboratory 
Bel  Air,  Maryland  2101-1 


January  1074 
3 

Preceding  page  blank 


\i'S  I i v.-V  ‘ | 


I ill  S I VjH'll 

I I x|>  I i J iJ.I  | i 

.V. 

\ , l.mJ 


l',v^nts  tlu-  ii-M.lts  o I tests  . >i  lcs-  lit  1 1 . 1 1 
ion*  in  kvorj.mi  v u i t h t |K-  provisions 
a (Hi  :iv;r ivnieii  I Ivtiuv.i 

ar,',u'  1 •‘I'l'i  itiry  ;ii;J  ! I . I* . Hlnti-  J.hmu  j |.,n- 1 


3- J j ii  )i 
ni  lii'jii  i .ii  i 

ilu'  :i.s. 


\HSri\AvM 


lh  is  report 
1. 1 qu  i J Ha  1 1 
\e,  :>\'POs- 
\rmy,  Land 


presents  t !k‘  results  of  tests  of  less  lethal  5-ineh 
Munitions  in  accordanee  with  the  prmisions  of  Pont  me 
75-(  -0S5.H,  T.isk  fO-l  -75  (an  agreement  between  the'  P.S. 
bar!  are  i ahoi  it  ofv  and  !I.P.  White  fa  bora  lore ! . 


TABLE  OF  CONTENTS 


Page 


Abstract — -- - — i 

Table  of  Contents - — - — ii 

Section  I.  Scope  of  Work 

Objective ■ * 1 

Materials — 1 

Scope  of  Tests 1 

Section  II.  Procedure 

Velocity — 4 

Projectile  Energy 4 

Accuracy 4 

Impact  Characteristics-- - 4 

Effect  of  Shooter  Stress  on  Accuracy 4 

Maximum  Range 5 

Maximum  Effective  Hitting  Range S 

Cold  Temperature  Firing 5 

Muzzle  Exit  Phenomena 6 

Safety 6 

Section  III.  Results 

Velocity - 7 

Projectile  Energy 7 

Accuracy 8 

Impact  Characteristics 8 

Effect  of  Shooter  Stress  on  Accuracy 9 

Maximum  Range 9 

Maximum  Effective  Hitting  Range — - 10 

Cold  Temperature  Firing — 10 

"Lizzie  Exit  Phenomena - 11 

List  of  Tables 

Table  I Scope  of  Tests 3 

Tabic  II  Results  of  Velocity  Tests 7 

Table  III  Projectile  Energy 7 

Table  IV  Results  of  Accuracy  Tests 8 

fable  V Indentations  of  Ilomasote 8 

Table  VI  Summary  of  Stress  Test  Results 9 

Table  VII  Maximum  Range 9 

Table  VIII  Maximum  Effective  Hitting  Range 10 

List  of  Figures 

figure  1.  3-Inch  Liquid  Ball  and  Model  C-200  Blank  Propelling 

Cartridge 2 

Figure  2.  Muzzle  Exit  of  Round  No.  25 12 

Appendices 

Append »x  A.  Observe  Data — 13 

Appendix  B.  Calculated  Data 26 

Appendix  C.  Instrumentation 32 


Appendix  D.  Label  on  Box  of  Model  C-200  Blank  Propelling  Cartridges--  34 


si v!  1 1 in  i.  smi'i;  01  woitk 


- 1-1-1  / V*  VT'TS  W'aW>  •<iF’  XT'*?''  V ■ ""  " »*-*«  •* 


l.  ORiHcnvi: 

The  objective  of  these  tests  was  to  proviJe  the  external  ballistic  data 


necessary  to  assess  the  ballistic 
lethal  annum  it ion. 

performance  of  the  .1 

-Inch  Liquid  ball  les 

2.  ‘-nil  RIALS 

The 

following  materials  were 

used  in  the  conduct  <> 

I tins  test  program: 

a ! 

a- Inch  Liquid  ball  lrs- 

- lethal  projectiles  i 

'•cc  l igure  lj. 

1 ) 

illank  Propelling  cart  rid- 

;es  (Model  l!2ooj  (see 

Appendix  li  and  figure 

e ) 

Ml 201!  12  i lunge  riot  gun 

[Serial  \o.  I..-  1-lS'd). 

d) 

Launcher,  Mode  1 l.-llo. 

e ; 

'b seel  laneous  range  and  photograpliic  equipment 

(see  Appendix  (!) . 

soon,  oi-  n.sis 

’l  went  \ - font  (ill  rounds  ot  a- Inch  I ujmd  hall  ,'im»<iiu  \ i t i on  '..ere  fired  or,  an 
;nst  r.iuented  indoor  ran.ee  to  determine  velocity,  accuracy,  taurclo  exit  phenomena, 
relatixe  impact  charact"nst  ics  and  the  effect  of  shooter  stress  on  accuracy, 
ien  lli'i  rounds  were  ft»-ed  on  an  outdoor  range  to  determine  maximum  range  and 
iiaxiruu  effective  hitting  range  '.-.her.  the  project  i les  are  subjected  to  environnent.il 
variables  Mich  as  wind.  Three  lot  rounds  sere  fired  to  determine  the  effect  of 
cold  temperature  firing.,  (see  Table  II 


Figure  1.  3-Inch  Liquid  Ball  and  Model  C-200  Blank  Propelling  Cartridge 


r-|«f  ' 


**'  -w*«.  ,. 


i.  VLLocm' 


a)  The  velocity  of  twenty-four  (24)  rounds  of  the  3-lnch  Liquid  Ball 
projectiles  was  derived  from  data  collected  by  erecting  lumiline 
screens  5.06,  8.06,  14.0  and  17.9  feet  (1.54,  2.46,  4.54,  and  5.46 
meters  respectively)  from  the  muzzle  of  an  M1200  riot  gun  (with 
launcher  attachment)  fired  from  the  prone/rest  position.  The 
outputs  of  these  screens  activated  time  interval  counters  from 
which  the  velocities  at  2 and  5 meters  from  the  muzzle  were 
calculated. 

b,  Velocity  of  two  (2)  of  the  a- Inch  Liquid  Ball  projectiles  was  calcu- 
lated from  data  extracted  from  high  speed  motion  pictures  of  the 
muzzle  and  initial  few  feet  of  projectile  flight  recorded  by  16mm 
La st ax  motion  picture  cameras  positioned  4 feet  8 inches  to  the  right 
of  the  line  of  fire  ;md  9 inches  in  front  of  the  muzzle.  The  film 
speed,  used  to  compute  the  projectile  velocity,  was  determined  from 
timing  marks  on  the  film  created  by  a time  pulse  generator. 

2 . 1 WUl-.cn  1.1.  LNLRCY 

Projectile  energy  of  the  3-Inch  Liquid  Ball  projectile  was  calculated  by 
applying  the  unfired  projectile  weight  and  the  velocity  data  derived  per  1, 
above,  to  the  standard  energy  formula-- 

Kinctic  Lnergy  - (1/2)  MV“ 


3.  ACCURACY 

Ihe  accuracy  of  the  3-lnch  Liquid  Ball  ammunition  was  determined  from 
impact  data  on  a target  constructed  of  2”  4"  wood  backing,  1/2-inch  thick 

iloinasote  and  faced  with  paper.  The  accuracy  of  the  ammunition  was  determined 
by  measuring  the  horizontal  and  vertical  dispersion  from  the  aiming  point  op 
the  target.  Standard  deviations  in  the  x and  y directions  and  the  mean  radius 
were  calculated. 


4.  IMPACT  CIIAKACTLRLSTJCS 

Indentations  in  the  llomasote,  produced  by  each  projectile  impact,  were 
measured  using  a depth  micrometer  and  the  average  indentation  was  calculated. 
Indications  of  projectile  attitude  at  impact  were  observed  and  noted.  These 
data  were  collected  from  the  target  when  positioned  n , 4 , 20,  35,  ;uid  50  meters 
fror;  the  muzzle  of  the  prone/ rest  fired  Ml 200  riot  gun  and  launcher. 


5.  t::-H:cr  of  siiootlr  strips  on  accuracy 


Three  (3)  shooters  fired  five  (5)  rounds  «»ach  at  an  anthropometric 
siliiouette  target  positioned  35  meters  from  the  shooter.  In  order  to  induce 
stress,  each  shooter  was  told  that  he  would  have  an  average  of  4 seconds 
(.varying  from  3 seconds  to  j seconds)  to  shoulder  the  -11201),  sight  and  fire 
at  tiie  target.  This  timing  was  accomplished  by  utilizing  a cardboard  shield 
which  obscured  the  shooter's  view  of  the  target  before  and  after  each  shot. 

No  warning  was  given  before  the  shield  was  raised  ;uid  the  time  interval 
started.  The  coordinates  of  each  shot  in  relation  to  the  center  of  the 
chest  area  of  the  silhouette  were  recorded.  Whether  or  not  a hit  had  been 
scored  on  the  man-size  silhouette  was  recorded  and  any  hits  in  critical  areas 
(.groin  and  eyes)  were  noted.  Standard  deviation  of  the  x and  y coordinates 
and  the  mean  radius  were  calculated  from  these  data. 


0.  MAXIMUM  RANCH; 

The  M1200,  with  its  barrel  elevated  30°  from  horizontal,  was  fired  from  a 
bench  rest  on  a 400-meter  outdoor  range.  After  each  shot,  the  distance  the 
nrojectile  traveled,  before  its  initial  impact  with  the  ground  was  measured 
as  well  as  the  deflection  right  or  left  of  the  line  of  sight. 


7.  MAXIMUM  hi Ti.CriYl.  HIT1TM'.  RANCH 

file  launcher  equipped  M12U0  was  bench  rest  fired  at  an  anthropometric 
silhouette  target  positioned  55  meters  from  the  muzzle.  After  four  (4 ) 
firings  without  scoring  a hit  on  the  silhouette,  the  target  was  moved  to 
2u  meters  from  the  muzzle  for  the  remaining  3 firings.  Kind  velocity  at 
each  firing  was  measured  using  a iAvyer  ''Wind  Meter."  Silhouette  target 
hits  and  misses,  impact  coordinates,  unu  flight  time  from  muzzle  to  target 
(timed  by  stop  watch)  were “recorded.  Hstimate  of  maximum  effective  hitting 
range  was  the  average  of  three  (3)  observers  opinion  of  range  at  which 
tactical  hits  could  be  expected  under  test  conditions. 


S.  COLO  THMl'l.RA'lURl.  1 1R1NC 

111  roe  (5j  of  the  5- Inch  Liquid  Hall  ;ind  three  (5)  power  charges  were  stored 
at  -45°f  for  24  nours.  lliey  were  tnen  stored  for  one  additional  hour  at  U° 
immediately  before  being  fired  from  the  machine  rest  mounted  Ml 200  riot  gun  and 
launcher,  hacii  shot  was  remotely  fired.  The  fired  cartridge  case,  Ml 200,  and 
launcher  were  examined  for  damage  after  each  shot.  Impact  coordinates  and 
the  indentation  in  the  "ilomasote"  faced  target  were  measured  and  recorded. 


< - lo 


■.).  on  piilnomlna 


'Hi ret*  (3)  3-lnch  Liquid  Hall  projectiles  were  photographed  as  they  exited 
the  muzzle  of  the  launcher.  lV/o  (2 j rounds  were  photographed  using  two  (.2)  hmun 
Fast ax  High  Speed  Motion  Picture  cameras  simultaneously.  One  Fastax  camera  was 
positioned  perpendicular  to  ;uwl  4 feet  8 inches  i'rou  the  li,lc  of  fire,  9 inches 
forward  of  the  muzzle.  The  otiier  las tax  camera  was  positioned  38.3  feet  forward 
of  the  muzzle,  3 feet  to  the  left  of  the  line  of  lire  and  focused  on  the  muzzle. 
Both  c;uneras  ran  at  a nominal  4000  frames  per  second.  The  thud  round  was 
photographed  using  a I.inhof  4"  x 5"  camera  positioned  4 feet  to  the  right  and 
1 foot  in  front  of  the  muzzle.  Four  (4)  General  Radio  "Strohoslavo"  recycling 
flash  units  were  pulsed  at  .0U15  second  intervals  for  a flash  duration  of  .000003 
seconds  each.  These  strobes  provided  four  (4)  exposures  of  the  projectile  within 
17  inches  of  the  muzzle.  Projectile  muzzle  exit  was  studied  by  examining  the 
hjiiDii  high  speed  motion  picture  film  and  enlargements  of  the  4"  x 5"  microflasli 
photography  (see  Figure  2). 


Id.  SAIL  IT 


In  addition  to  normal  safety  procedures  followed  during  firing, 
personnel  were  required  to  wear  respiratory  protection  during  conduct  of 
the  test  to  preclude  inhalation  of  any  small  droplets  of  the  glycerin  and 
water  mix  in  the  projectile  which  might  have  been  aerosolized  upon  target 
impact . 
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SECTION  III.  RESULTS 


1.  VELOCITY 

Table  II  is  a summary  of  the  velocity  data  contained  on  the  data  sheets 
of  Appendix  A. 


TABLE  II.  RESULTS  OF  VELOCITY  TESTS  (f.p.s.) 

3- INCH  LIQUID  RALE  


Muzzle** 
(-  rds) 

2m* 

(21  rds) 

Sm* 

(21  rds) 

Maximum 

lio.o 

14S. 8 

143.0 

Minimum 

108.0 

110.7 

03.2 

Average 

112.0 

120.8 

123,0 

*Lumiline  screens/time  interval  counter 
(accuracy  t 3 f.p.s.) 

**High  Speed  Motion  Pictures 
(accuracy  ± 20  f.p.s.) 


2.  PROJECTILE  ENERGY 

Table  III  is  a summary  of  calculations  based  on  the  data  contained  in 
Appendix  A. 


TABLE  III.  PROJECTILE  ENERGY  (ft-lbs) 

3- INCH  LIQUID  BALL 


Mizzle 
(2  rds) 

2m 

(21  rds) 

5m 

(21  rds) 

Maximum 

127.2 

200.0 

104.0 

Minimum 

1 10.3 

115.9 

82.1 

Average 

118.8 

1 00 . 3 

ISO.  7 

$ 


\ 


j 


C-1J 

1 

3 

i 

! 

...  , J 
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3.  ACCURACY 

Table  IV  is  a summary  of  calculations  bused  on  the  data  contained  in 
Appendix  A . 

TABLE  IV.  RliSULTS  OF  ACCURACY  TESTS 

3- INCH  LIQUID  BALL  \ 


Target 

Distance 

(meters) 

Group  Center 
(from  point  of  aim) 
(in.) 

x y 

Extreme 
Spread 
(in.) 
x y 

■ 

■nra 

Mean 

Radius 

(in.) 

0.4 

-0.2 

-1.3 

3.8 

12.1 

27.0 

24.3 

3.0 

:o 

-8.1 

-02.0 

27.0 

24.3 

0.0 

8.0 

11.1 

33 

Trujecto 

ry  u on  Id  no 

t penal 

t hits  i 

m S'xB' 

targe  1 

4.  IMPACT  QIARACTERISTICS 

Table  V is  a suinnary  of  calculations  based  on  the  data  contained  in 
Appendix  A. 

TABLI:  V.  INDENTATIONS  OF  I IOM\SOTE 
3- INCH  LIQUID  BALL 


s.  i.n  in  01  siiouniR  strlss  on  accuracy 

table  Vi  is  a sunimiry  of  the  calculations  based  on  the  data  contained  in 
\p|V!ldlX  A. 

\0iY:  The  elevation  required  of  the  M12UU  in  conjunction  witli  the 

largo  diameter  of  the  launcher  attachment  obscured  the  target 
trail  the  shooter.  Therefore,  all  subsequent  Tiring  at  ranges 
of  2U  meters  or  more  were  conducted  by  using  a point  of  aim 
well  above  the  target. 


TXHl.L  VI.  SUMMARY  Of  Nfkh.SS  II. ST  kj.SUl  IS 

S-INUI  I.IitilO  BALL,  TAW'.!  I S3  MI.IT.U- 


Mean 

Radius 

(in.) 

Total  Hits 
on 

Si lhouet te 

;>.c 

U 

34 . S 

1 

24, 2 

0 

TWlMhl  KAMIL 

lab  1 e \ 1 1 is  a siumiary  of  tiie  data  contained  in  Appendix  A 

I Alii  .1.  VI I . MAXIMUM  HANOI 

3- INCH  l.li)Dll)  BALI 


maximjm  liiTiiCTivi.  iin'iinc  r.vnci: 


fable  VIII  is  a suninury  of  Lite  data  contained  in  ippendix  A. 


TABl.r.  Mil.  MAXIMUM  1:1-11  CTIVI.  1 H 111  NM  KANCI. 

3- INCH  1 iqtllD  RAM, 


Impact 

Average 

Coordinates 

i\  i nd 

11  iglit 

(in.) 

\elocitv 

Time 

\ V 

Hits  ( Ml.p.ll.  ) 

(sec.)  Remarks 

1 

1 

1 AKCl  f DISfWCl.  33  NDdlliRS  (4  ROUNDS) 

! + 14.0*  -40,9* 

U 9.0- 10. S 

0.9*  3 oi  4 projectiles 

- 

impacted  ground  at 
30-31  meters. 

TAKCff  DIST.WC1.  JO  Ml 

II. RS  (3  KiXJXDSJ 

1)  -43.9**  J 10.0-11.1) 

0.3**  1 projectile  impacted 

ground  at  18.5  meters. 

*One  round 

on  ’ v. 

**l\\o  rounds 
i 

only. 

i 

u 

- — ■ - - . . 

It  was  the  opinion  of  the  throe  (31  observers  that  the  maximum  range  at 
which  tactical  hits  on  a man  could  be  expected  was  approximately  JO  meters. 


S.  uil.i > ILMPl.kAiUKI.  liKI.NC 

I'ne  launcher  equipped  Ml  200  was  machine  mounted  and  aimed  at  a point 
1 dij  inches  above  the  floor  at  33  meters  from  the  muzcle.  All  three  (3) 
rounds  impacted  the  floor  before  reaching  the  target  at  33  meters.  No 
abnormal  it ies  were  observed  regarding  the  laiuicher,  M1J00  Riot  Cun,  or 
tae  fired  cartridge  cases. 

Project  lie  filler  (oil"  glycerin,  -in;  water;  appeared  to  he  in  a solid 
state  at  impact.  Dispersal  charactei ist ics  appeared  to  be  approximately  33 
smaller  than  those  of  j reject i Ics  at  room  temperature.  Due  to  the  pool- 
accuracy  at  33  meters,  no  appreciable  difference  could  be  detected  between 
the  projectiles  at  room  temperature  and  those  at  reduced  temperatures. 


y.  MG2L1-  FAIT  PHFNOMHNA 


The  muzzle  exit  of  three  (3)  rounds  was  recorded  photographically— two  (2) 
with  lbiim  high  speed  motion  pictures  and  one  (1)  with  recycling  microflash. 
Analysis  of  the  high  speed  motion  pictures  revealed; 

a)  The  projectile  of  Round  No.  20  assumed  a y°  yaw  attitude  immediately 
after  clearing  the  muzzle. 

h)  The  projectile  of  Round  No.  27  was  distorted  throughout  the  field  of 
view  of  the  camera  (approximately  18  inches  of  linear  travel). 

c)  The  velocities  of  the  projectiles  from  Round  Nos.  26  and  27  were 
116.0  and  108.0  feet  per  second,  respectively. 

The  projectile  from  Round  No.  25  which  was  photographed  with  microflash 
equipment  is  obscured  in  what  appears  to  he  a combination  of  muzzle  gas  and 
particles  of  the  styrofoam  portion  of  the  projectile.  The  degree  of  distortion 
and/or  yaw  (if  any)  is,  therefore,  not  diseemablc  (see  figure  2 ).  (Note: 

I ;xt ending  the  interval  between  the  strobes  of  the  microflash  system  and 
increasing  the  field  of  view  of  the  camera  in  any  subsequent  firings  of  this 
projectile  at  this  velocity  should  result  in  one  (1)  or  more  exposures  of  the 
projectile  after  it  lias  cleared  this  muzzle  opacity.) 


Figure  2.  Muzzle  txit  of  Round  No.  25. 
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OBSERVED  DATA 


.MAXIMUM  RANGE 

Ml 200 -Launcher  3- Inch  Liquid  Ball 
Barrel  Elevated  30° 


lUte:  5 February  1974 


Temperature 

: 30°I;,  variable 
cross  wind 

(left  to  right] 

Round  No. 

■SSH 

Remarks  j 

43 

91.0 

o.i'-  right 

1 

Broke  on  impact  with  ground. 

14 

ir  .3 

2.0- left 

Broke  on  impact  with  ground. 

• ;> 

10S.0 

1(1.0-  right 

Broke  on  impact  with  ground. 

i i i 

■ I 
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OtJStRVED  iiATA 


COLD  TEST 

M120U  Launcher  3-lneh  Liquid  hall 


Date:  12  February  li*74 

Ammumition:  Stored  at  -43°l  ti'i  24  hours. 

Stored  at  0°1-  tor  1 hour  immediately  be  lore  firing. 


OtiSciMi)  DATA 


ilAXIf  • LFFdCTIVE  hiTTIHG  RAMGL 
M12U0  I..1111K her  5-lnc-l  Liquid  I'>all 


tt.it  e:  1 March  1974 

loiiijHTtitmv:  43'"'1:,  variable  wind 

i i^lit  tc  let  t 


ki*i 

1 Impact 
coordinates 
( in. ) 

\ y 

1 

Silhoiivttj'  wind 
Hit/  1 \ eloc  t tv 
Missed  j im.p.h.) 

H Ight 
Time 
( scs . ) 

1 ‘n>  ice  tile  , 
height  j 
««'»•'  1 

Ivcm.irks 

i AKt.i  1 HIM  AM  .1 

. 54  MI.1 1.1 
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+ 1 1 . n - 4 1 1 . 9 | 

.'1 1 SSiaI 
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d.d 

i 4215. s | 
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*’ 
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lilt 

Id. d 

,1.5 
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ll.ii 
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lilt  ground  at  1 a . 5i, 
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l.  X I 


Mean 

lixtreme  Spread 


70.8 


30.0 


DATA 


u:y 

ire 

id  Ball 


Qilculnl ions 


(x  - x)~  ! (y  - y)~ 
1 


Radius 

(in.) 


i 


2361.96  j 

48.9 

1.44 

j 

34.81  i 

1 

6.0 

256.00  j 

1 

49.00 

1 

17.5 

130.89 

I 

52y.U 0 

1 

25.8 

j 

492.84 

26.01  ! 

, 

1 22.8 

x 

(in.) 


y 

in. ) 


28.5 


12.9 


24.; 
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APPENDIX  C 


TLST  INSimOlNTATION 
i:QUI l^n:\T  AND  M4T1.RIALS 

1 - Oehler  Model  41R  Chronotach,  calibrated  at  factory  in  May  1 973 

1 - electronic  Counters,  Inc.  Model  4010  Velocity  Computing  Chronograph, 

calibrated  at  factory  in  .June  1973 

4 - l Jehler  Model  35  Lumiline  Screens 

2 - lastax  16mm  High  Speed  Motion  Picture  Cameras 
! - Kollensak  Model  3106  Time  l*ulse  Generator 

2 - Colortran  1000  Watt  Lights 
2 - Kollensak  1000  Watt  Light.-, 

2 - 100- foot  Rolls  Kodak  Lktachrome  (7242)  10mm  High  Speed  lilm  (GFH) 

2 - 100-foot  Rolls  Kastman  Doublc-X  Negative  (72 2)  16mm  High  Speed  Film 

1 - Vanguard  Model  loC  Motion  Analyzer 

4 - General  Radio  Type  15.39  "Strohof lash"  Microflash 

1 - General  Radio  Model  1541  Multi-Flash  Generator 

1 - Linhof  4x5  Ciiincra  with  Kodak  f4.5,  135mm  Lens 

1 - Royal  Pan  4"  X 5"  Cut  Film,  Type  4141 

Various  darkroom  and  pnotographic  equipment 

100-meter  indoor  range  having  ceiling  height  of  12  feet 

400-incter  outdoor  range 

Miscellaneous  range  supplies  and  equipment 

1 - Specially  constructed  target  (Homasote  faced),  llomasotc  Company, 
Lower  Ferry  Road,  Trenton,  N..J. 

1 - Dry  Ice  Freezer  Unit 

1 - Rochester  Thermometer 

1 - Plywood  Anthropometric  Silhouette  Target  based  on  I960  Dreyfus  data 
1 - Dwyer  Wind  Meter,  F'.W.  Dwyer  Mfg  Co.,  Michigan  City,  Indiana 
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section  i.  scope  op  work 


i . objective 


The  objective  of  these  tests  was  to  provide  the  external  ballistic  data 
necessary  to  assess  the  ballistic  performance  of  the  40mm  Liquid  Ball  less 
lethal  ammunition. 


2.  MATERIALS 

The  following  materials  were  used  in  the  conduct  of  this  test  prognim: 
a)  40mm  Liquid  Ball  less  lethal  projectiles  (sec  Figure  1). 
h)  Grenade  launcher,  40inm,  M79 , Serial  No.  47637. 
c)  Miscellaneous  range  and  photographic  equipment  (.see  Appendix  C) . 


3.  SCOPE  OF  TESTS 

Seventy-eight  (78)  rounds  of  4 '"inn  Liquid  Ball  ammunition  were  fired 
on  an  instrumented  indoor  range  to  determine  velocity,  accuracy,  muzzle 
exit  phenomena,  relative  impact  characteristics  and  the  effect  of  shootet 
stress  on  accuracy . Ten  (10J  rounds  were  fired  on  an  outdoor  range  to  deter- 
mine maximum  range  and  maximum  effective  hitting  range  when  the  projectiles  are  sub- 
jected to  environmental  variables  such  as  wind.  Seven  (7)  rounds  were  fired 
to  determine  the  effect  of  cold  temperature  firing,  (see  Table  1] 


scon-:  oi:  msTs 
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Sin  I ON  II.  PROCEDURE 


1.  VELOCITY 

a)  The  velocity  of  twenty-one  (21)  rounds  of  the  40iun  Liquid  Ball 
projectiles  was  derived  from  data  collected  by  erecting  lumiline 
screens  5.06,  8.0b,  14,9  and  17.9  feet  (1.54,  2.46,  4.54  and  5.46 
meters,  respectively)  from  the  muzzle  of  an  M79  Grenade  Launcher 
fired  from  the  prone/rest  position.  The  outputs  of  these  screens 
activated  time  interval  counters  from  which  the  velocities  at  2 and 
5 meters  from  the  muzzle  were  calculated. 

b)  Velocity  of  eight  (8)  of  the  40mm  Liquid  Ball  projectiles  was 
calculated  from  data  extracted  from  high  speed  motion  pictures  of 
the  muzzle  and  initial  few  feet  of  projectile  flight  recorded  by 
16mm  Fastax  motion  picture  cameras  positioned  4 feet  8 inches  to 
the  right  of  the  line  of  fire  and  9 inches  in  front  of  the  muzzle. 
The  film  speed,  used  to  compute  the  projectile  velocity,  was 
determined  from  timing  marks  on  the  film  created  by  a time  pulse 
generator . 

2.  PROJECTILE  ENERGY 

Projectile  energy  of  the  40mm  Liquid  Ball  projectile  was  calculated  by 
applying  the  unfired  projectile  weight  and  the  velocity  data  derived  per  1, 
above,  to  the  standard  energy  formula-- 

Kinetic  Energy  - (1/2)  MV*" 


3.  ACCURACY 

The  accuracy  of  the  40mm  Liquid  Ball  ammunition  was  determined  from 
the  impact  data  on  a target  constructed  of  2”  x 4"  wood  backing,  1/2-inch  thick 
Uomasote  and  faced  with  paper.  The  accuracy  of  the  ammunition  was  determined 
by  measuring  the  horizontal  and  vertical  dispersion  from  the  aiming  point  on 
the  target.  Standard  deviations  in  the  x and  y directions  and  the  mean  radius 
were  calculated. 


4.  IMPACT  CHARACTERISTICS 

Indentations  in  the  Uomasote,  produced  by  each  projectile  impact,  were 
measured  using  a depth  micrometer  and  the  average  indentation  was  calculated. 
Indications  of  projectile  attitude  at  impact  were  observed  and  noted.  These 
data  were  collected  from  the  target  when  portioned  6.4,  20,  35,  50  and  70 
meters  from  the  muzzle  of  the  prone/rest  fired  M79  Grenade  Launcher. 
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5.  14TT.CT  OF  SHOOTIiR  STRliSS  ON  ACCURACY 


Three  (3)  shooters  fired  ten  (10)  rounds  each  at  an  anthropometric 
silhouette  target  positioned  33  meters  from  the  shooter.  In  order  to  induce 
stress,  eacli  shooter  was  told  that  he  would  have  an  average  of  4 seconds 
(varying  from  3 seconds  to  5 seconds)  to  shoulder  the  M79,  sight  and  fire  at 
the  target.  This  timing  was  accomplished  by  utilizing  a cardboard  shield  which 
obscured  the  shooter's  view  of  the  target  before  and  after  each  shot.  No 
warning  was  given  before  the  shield  was  raised  and  the  time  interval  started. 

Tne  coordinates  of  each  shot  in  relation  to  the  crotch  area  of  the  silhouette 
were  recorded.  Whether  or  not  a hit  had  been  scored  on  the  man-size  silhouette 
was  recorded  and  any  hits  in  critical  areas  (groin  and  eyes) were  noted.  Standard 
deviation  of  the  x and  v coordinates  and  the  mean  radius  were  calculated  from 
these  data. 


0.  MAXIMUM  RAXCf 


'Hie  M79,  with  its  barrel  elevated  50c  from  horizontal,  was  fired  from  a 
lvnch  rest  on  a 400-meter  outdoor  range.  After  each  shot,  the  distance  the 
projectile  traveled  before  its  initial  impact  with  the  ground  was  measured 
as  well  as  the  deflection  right  or  left  of  the  line  of  sight. 


7.  MAXIMUM  LFFLCTIVL  IlilTIXG  RANCH 

The  M79  Grenade  Launcher  was  bench  rest  fired  at  an  anthropometric 
silhouette  target  positioned  50  meters  from  the  muzzle.  After  two  (2) 
firings  without  scoring  a hit  on  the  silhouette,  the  target  was  moved  to 
35  meters.  After  three  (3)  firings  without  scoring  a hit  on  the  silhouette, 
the  target  was  moved  to  20  meters  for  the  remaining  two  (2)  firings.  Wind 
velocity  at  each  firing  was  measured  using  a Dwyer  Wind  Meter.  Silhouette 
target  hits  and  misses,  impact  coordinates,  and  flight  time  from  muzzle  to 
target  (timed  by  stop  watch)  were  recorded,  listimate  of  the  maximum  effective 
hitting  range  was  the  average  of  three  (5)  observers  opinion  of  range  at  which 
tactical  hits  could  lie  expected  under  test  conditions. 


8.  Q)l.])  THMPhRATUid.  FIR  INC, 

Seven  (7)  of  the  40mm  Liquid  Ball  projectiles  were  stored  at  -45°F  for 
24  hours.  They  were  then  stored  for  one  additional  hour  at  0°F  immediately 
before  being  fired  from  the  machine  rest  mounted  M70  Grenade  Launcher,  bach 
sho1-  was  fired  remotely.  The  fired  cartridge  case  and  the  M79  Grenade 
Launcher  were  examined  lor  damage  after  each  shot,  impact  coordinates  and 
the  indentation  ;n  the  Iloniusote  faced  target  were  measured  and  recorded. 


i’-‘» 
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9.  NRI2ZLL:  HXIT  PIOiNOMLNA 

Twelve  (12}  40im  Liquid  Ball  projectiles  were  photographed  as  they  exited 
I the  swizzle  of  the  launcher.  Light  (8)  rounds  were  photographed  using  two  (2) 

i lOmn  Fastax  high  speed  motion  picture  cameras  simultaneously.  One  Fas tax 

1 camera  was  positioned  perpendicular  to  and  4 feet  8 inches  from  the  ~.»e  cf  fire 

• 9 inches  forward  of  the  muzzle.  The  other  Fastax  camera  was  positioned  38.3 

| feet  forward  of  the  muzzle,  3 feet  to  the  left  of  the  line  of  fire  and  focused 

j on  the  muzzle.  Both  cameras  ran  at  a nominal  4000  franw.s  per  second.  Four 

• (4j  rounds  were  photographed  using  a Linhof  4"  x 5"  camera  positioned  4 feet 

i to  the  right  and  1 foot  in  front  of  the  muzzle.  Four  (4j  General  Radio 

? "Stroboslave"  recycling  flash  uni^s  were  pulsed  at  .0013  second  intervals 

\ for  a flash  duration  of  .000003  seconds  each.  These  strobes  provided  four 

f (4)  exjiosures  of  the  projectile  within  14  inches  of  the  muzzle.  Projectile 

I-  muzzle  exit  was  studied  by  examining  the  16mm  high  speed  motion  picture  film 

and  enlargements  of  the  4"  x 5"  microflash  photographs  (see  Figures  2 thru  5J. 


10.  SAFLTY 

In  addition  to  normal  sale'y  procedures  lolxowed  during  firing, 
personnel  were  required  to  wear  respiratory  protection  during  conduct  of 
the  test  to  preclude  inhalation  of  any  small  droplets  oi  the  glycerin  and 
water  mix  in  the  projectile  which  might  have  been  aerosolized  upon  target 
impact . 
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SUMMON  ill.  RhSULTS 


i.  vluxuty 

lablc  I!  is  a summary  oC  the  velocity  dat-«  contained  on  the  data  sheets 
oi  Appendix  A. 


tabu:  ii.  rn.sin.TS  oi:  \im:m  Thsis  u.p.s.j 

40mm  Liquid  Bull 


Muzclo** 

2m* 

am*  j 

(S  rdsj 

(21  rds) 

(21  ids)  i 

Maocimum 

30. ’i . 3 

270.1 

2u2.(>  ' 

Minimum 

2 33.'.) 

223.8 

220.2 

Average 

2 75.  1 

243.0 

230.2  | 

*Lmniline  screcns/time  interval  counter 
(.accuracy  ' 5 f.p.s.) 

**i lii>h  Speed  Met  ion  Pictures 
i accuracy  • 20  f.p.s.) 


2.  promumii.i.  i.xi.Kuv 

iable  III  is  a summary  oT  calculations  based  on  the  data  contained  in 
Appendix  A. 

TABU:  111.  PK0.IICTI I.T.  i:\TRCV  t ft- lbs) 

4 ifnni  Liquid  Ball 


Muzzle 

2in 

5m 

Maximum 

1)8.2 

74.5 

70.5 

Minimum 

0:3.1) 

51.2 

41).  S 

Average 

77.0 

d2.0 

58.0 
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5.  ACCURACY 

Table  IV  is  a suiranary  of  calculations  based  on  the  data  contained  in 
Appendix  A. 

TABl.j.  IV.  RLSIJLTS  01;  ACCURACY  YLV1S 
4(hnm  Liquid  Ball 


Target 
ni  stance 
(meters) 


Troup  Center 


extreme 


(from  point  of  aim)  Spread 
(in.)  (in.) 

x v 


-0.2 
*(1.  ,S 
-21.3 
+39 . 3 
+ 14.8 


dard 
it  ion 
n.) 

y 

Mean 

Radius 

(in.) 

2.0 

1.9 

I 

1 I ■> 

31.9 

i 

22.5 

21.8 

■ 

20.0 

25.(. 

15.4 

12.8 

! 

4.  IMPACT  UIAKACILRISIICS 

fable  V i:.  a summary  of  calculations  based  on  the  data  contained  in 
Appendix  A. 


TABU.  V.  1 MENTATIONS  01  l.:0.-l\S0Ji. 

IOiiuii  Liquid  Ha!  1 


.'ll  ni  mum 
Indentation 
( in. ) 


s.  l.i  l l.cr  01  SlkX)l  l.K  STIU.SS  ON  AualllALY 

Table  VI  is  .1  summary  of  the  \ ilculatmus  based  «n  the  data  contained  in 
Appendix  A. 


TAHLL  VI.  SUNNAKY  0I;  STIUiSS  TLST  kb. SUITS 

1 0mn,  Liquid  Ball,  Target  35  Meters 


o.  MAXIMUM  RVNxll. 

Table  VI  l is  a summary  of  tiie  data  contained  in  Appendix  A. 


TABU.  VII.  MAXIMUM  RANGL 

4 (hiun  Liquid  Ball 


Distance 

Deflection 

(meters) 

(meters) 

1--.D 

8.  (>•  right 

108.0 

8n  line  of  sight 

1 1 X . 7 

4.0-right 

Maximum 

Minimum 

Average 
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7.  MAXIMUM  bl-TLCTIVi:  illlTlMi  KAN01. 


Table  VIII  is  a summary  of  the  data  contained  in  Appendix  A. 

tabu:  vi  ii.  mvximum  liruxrnvi:  nirn.M,  kant.i. 

4 Onun  Liquid  Ball 


Mean 

1‘adius 

fin.) 

Ihts 

i was  the  opinion  o!  the  three  (a)  observers  tnat  tne  maximum  elfeetiv 
rupee  at  which  tactical  hits  on  a man  could  be  expected  was  approximately 
7a  meters. 


s.  s:oi.D  i i.Mi’i.itMUki.  i iri.v; 

lab  1 l 1\  is  a summary  of  tne  oat  a contained  in  Appendix  \. 


lAlli.l.  1\.  I’dl.i)  iTeO-l-.RVnikl.  I'ikl.w; 

(7  kl  HIM  IS) 

-10mm  l iquid  Hall 


croup  center  Maiular 
( from  point  of  | Heviat  ion 


roiunds  onlv 


Projectile  filler  ((>()'.'.  glycerin,  hr  water)  appeared  to  be  in  a solid 
state  at  impact,  dispersal  characterist ics  appeared  to  be  reduced  to  approximate!) 


1/3  the  size  of  those  fired  at  room  tenperature . IVo  (2)  of  the  seven  (7) 
rounds  did  not  reach  the  target--one  was  observed  to  break  in  flight  and  we 
were  unable  to  account  for  the  other.  The  mean  radius  of  the  five  (5) 
moasureable  inpacts  (20.4  indies)  cannot  be  directly  compared  to  the  mean 
radius  of  21.8  inches  from  the  room  temperature  firing. 


9.  MUZZLE  liXIT  PHENOMENA 

The  muzzle  exit  of  twelve  (12)  rounds  were  recorded  photographical ly-- 
eight  (8)  with  high  speed  motion  pictures  and  four  (4)  with  multistrobcd 
microflash. 

Analysis  of  the  film  revealed: 

a)  Rounds  number  34  and  36  show  the  projectile  spilling  its  liquid 
filling  near  the  muzzle. 

h)  Ten  (10)  of  the  films  show  the  sabot  opening  and  no  apparent 
abnormalities. 

c)  four  (4)  of  the  films  were  ruined  in  development. 

d)  One  of  the  four  mieroflash  (figure  4 ) shows  the  projectile  spilling 
liquid. 
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031:6  4 October  1973__ Shooter  loolc  Job  No.  1883-  j0 

Temperature  70°F  ; Humidity  83°, Recorder  Sura.-al  t Page 

2-Meter  Screens  5.06'  and  8.0b*  (over  _5J ) Chronograph  Qchlcr  Weapon  M79  M7037 

S-Meter  Screens  14.90  and  17.90’  (over  _3J ) Chronograph  L.C.  Annunition  4 Oran  Liquid  Ball 


iverage  weig, 


*Ave 


OBSERVED  DATA 


COLD  TEST  J 

i 

40nw  Liquid  frill  j 

\ 


Pate:  12  Pcbruary  197-1 

Ammunition:  Stored  at  for  24  hours. 

Stored  at  0° F for  1 hour  immediately  before  firing. 

Machine  rest,  l;myard  fired 

Target:  35  meters 

\iming  Point:  47  1/2  inches  high 


Round 

AO. 

* 

(in.) 

y 

H 

Indentation 

(in.) 

Remarks 

82 

♦ 12.2 

+ 20.7 

.025 

l.ven  spray  on  target. 

83 

+ 7 , 2 

+ 5.3 

.03(1 

Even  spray  on  target. 

84 

+ 29.0 

-7.5 

.015 

kittle  spray  on  target. 

85 

-19.3 

+4.5 

.010 

No  spray  on  target. 
Round  impact  mark. 

So 

-14  J 

+ 23.7 

.043 

No  spray  on  target. 
Round  impact  mark. 

87 

Unk 

link 

link 

88 



Rail  broke  in  flight  at  approx 
35  meters,  sabot  found  wet 
inside  and  out. 

OBSERVED  DAT  A 


I 


| 

i 

i 


i 

1 

I 

i 


! 

f 

i 


MAXIMUM  EFFECTIVE  HITTING  RANGE 
40iiri  Liquid  Ball 


Date:  1 March  1974 

Temperature:  45°F,  variable  cross  wind 

right  to  left 


Round 

No. 

i 

■ 

BfPp  ’$? 

i 

M 

Remarks 

TARGET 

DISTANCE  SO 

METERS 

89 

" 

- 

Missed 

6.0 

Broke  in  flight.  Hit 
ground  at  30m. 

90 

- 

•• 

Missed 

9.5 

Hit  ground  at  40m. 

TARGET  DISTANCE  35 

MITERS 

91 

- 

- 

Missed 

9.5 

- 

Hit  ground  at  28m. 

92 

-39.7 

+ 17,6 

Missed 

11.0 

0.3 

93 

app  rox 
-120.0 

0 

Missed 

12.0 

0.3 

TARGET 

DIST/\NCE  20 

METERS 

94 

-7.3 

-14.2 

Hit 

11.0 

0.2 

95 

+5.4 

-11.3 

Hit 

12.0 

0.2 

v?’v  V”‘ ”•'  ' »++«-'»  •>  **■*»  <»,,.«  * -w-tc  -_i-*sa%iir“<a-  »«•' v»  ‘wc.  tt;  'tr»-’»<Mi.- r -■<***■.? --3  >•  ; ri*v|--',<  • -w.» «/-  »■*  ■^»*;  .->  a - rwr  “ >rv.-T^.i»_.j  - jffpy'Sfvi*  rfaw^-«-t?'.‘. 


CALCULATED  DATA 


ACCURACY 
40nm  Liquid  Bill  1 
6.4  Meters 


Round  No. 

Coordinates 
(in.) . 

Calculations 

Radius 

(in.) 

X 

y 

(x  - x)2 

(y  - y)2 

1 

-0  3 

+ 7.0 

0.01 

2.56 

1.6 

-> 

0 

+8.9 

0.04 

0.09 

0.4 

3 

+ 1.5 

+ 10.4 

2.89 

3.24 

2.5 

4 

+ 1.3 

+7.4 

2. 25 

1.44 

1.9 

5 

-1.7 

+6.1 

2.25 

6.25 

2.9 

6 

-1.3 

+8.8 

1.21 

0.04 

l.l 

7 

-1.1 

+ 11.7 

0.81 

9.61 

3.2 

X 

y 

(in.) 

(in.) 

Standard  Deviation 

— 

— 

1.3 

2.0 

... 

Mean 

-0.2 

y=  +8 .6 

--- 

--- 

1.9 

Extreme  Spread 

3.2 

5.6 

— 

— 

— 

1 'Vf'nww 


CALCULATED  DATA 


ACCURACY 
4 Omm  Liquid  Rail 
20  Meters 


JPT  " 1 . * .A ? 


as**  m -j  win**?  : 


■*  »jc»?ryraa£jrj5**  - 


wT^npzw-f-\  ~_  ^gsjy  sn*  T^p-A? ' "+*' ~ 


»’v  i«*r  i ^^■-^,’fmp^r^s  -v)!'/:'" 


CALCULATED  DATA 


ACCURACY 
40mn  Liquid  Ball 
35  Meters 


Round  No. 

~1 

Coordinates 

OP 

Calculations 

Radius 

(in.) 

X 

y 

(x  - x)2 

(y  - y)2 

15 

-20.2 

+5.9 

24.01 

114.49 

11.8 

16 

-41.7 

▼54.5 

41j. 16 

1436.41 

43.0 

17 

▼ 14.8 

+24.2 

1303.21 

57.76 

36.9 

18 

-17.4 

▼ 18.7 

15.2) 

4.41 

4.4 

19 

-37.5 

▼17.1 

262.44 

0.25 

16.2 

20 

-19.0 

+17.1 

5.29 

0.25 

2.4 

21 

-22.4 

-21.3 

1.21 

X 

1436.41 

y 

37.9 

(in.) 

(in.) 

Standard  Deviation 

— 

— 

18.4 

22.5 

— 

Mean 

x=  -21.3 

y=  +16.6 

— 

— 

21.8 

Extreme  Spread 

56.5 

75.8 

— 

— 

0-37 


r 


CALCULATED  DATA 


ACCURACY 
40mm  Liquid  Ball 
50  Meters 


CALCULATED  DATA 


ACCURACY 
TIMED  FIRE 
40nm  Liquid  Ball 


Round  No. 

Calculations 

* 

Rauius 

(in.) 

HHH 

wm 

(x  - x)2 

(y  - y)2 

59 

+ 53.0 

-25.0 

1239.04 

1108.89 

48.5 

oO 

-11.1 

+40.8 

835.21 

1056.25 

43.5 

01 

+ 11.0 

+ 28.  > 

38.44 

404.01 

21.0 

02 

+12.2 

+7.7 

31.36 

0.36 

5.6 

03 

+27.3 

+ 16.5 

90.25 

67.24 

12.5 

(>4 

+27.1 

+ 10.1 

86.49 

3.24 

9.5 

o5 

-- 

-- 

-- 

-- 

-- 

00 

+33. b 

+18.5 

249. b^1 

104.04 

18.8 

t>7 

-8.2 

+ 10.6 

676.00 

5.29 

26.1 

08 

+ 15.0 

-32.9 

7.84 

1097.44 

41.3 

X 

(in.) 

y 

(in.) 

Standard  Deviation 

— 

— 

20.2 

23.0 

... 

Mean 

x=  +17.8 

y=  +8.3 

— 

— 

25.2 

ExtraiiC  Spread 

64.1 

73.7 

— 

■ ■ J 
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CALCULATED  DATA 


i 


ACCURACY 

TIMED  FIRE 
40mm  Liquid  Ball 


TI;ST  I NSTRUM1  1NTAT  I ON 
EQUIPMENT  AND  MATERIALS 

L - Oehler  Model  41B  Chronotacli,  calibrated  at  factory  in  May  1973 

1 - Electronic  Counters,  Inc.  Model  4010  Velocity  Computing  Chronograph, 

calibrated  at  factor)-  in  dime  1973 

4 - Oehler  Model  35  Lumiline  Screens 

2 - Fustax  lbinm  High  Speed  Motion  1’icturc  Cameras 

1 - Wollensak  Model  3 1 0(>  Tim*’  I’ulsc  Generator 

2 - Colortran  1000  Watt  Lights 
2 - Wollensak  1000  Watt  Lights 

14  - 100-foot  Rolls  kodak  Lktachromc  (.7242 J lOinm  High  Speed  Film  (GL'L) 

2 - 100-foot  Rolls  Eastman  Double-X  Negative  (722)  loimn  High  Speed  Film 
1 - Vanguard  Model  IOC  Motion  vnalyter 

4 - General  Radio  Type  1539  "Strohoflash"  Microflash 
1 - General  Radio  Model  1541  Multi-Flash  Generator 

1 - l.inhof  4>5  Camera  with  Kodak  f4.5,  135nsii  Lens 

5 - Royal  Ran  4”  x 5"  Cut  Film,  Type  414] 

Various  darkroom  and  photographic  equipment 

100-meter  indoor  range  having  ceiling  height  of  12  feet 

400-meter  outdoor  range 

Miscellaneous  range  supplies  ;ind  equipment 

1 - Specially  constructed  target  (llomusote  faced),  llomusote  Company, 
Lower  Ferry  Road,  Trenton,  N.J. 

1 - Dry  Ice  Frceter  Unit 

1 - Rochester  Thermometer 

1 - Plywood  Anthropometric  Silhouette  Target  based  on  1900  Dreyfus  data 
1 - Dwyer  Wind  Meter  (l-'.W.  Dwyer  Mfg.  Co.,  Michigan  City,  Indiana) 
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Round  Number  28.  Microflash,  40mm  Liquid  Ball  Round 


Figure  4.  Round  Number  29.  Microflash,  40mm  Liquid  Ball  Round. 


Figure  5.  Round  Number  30.  Microflash,  40nan  Liquid  Ball  Round. 


Round  Number  8.  Photo  of  Broken  Sabot 
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ABSTIUCT 


This  report  presents  the  results  of  initial  tests  of  loss  lethal 
l2-('.auge  Liquid  Ball  munitions  in  accord, mee  with  the  provisions  of 
Contract  No.  l)AAI)05-73-C-0532f  Task  02-1-73  (an  agreement  between 
the  11. S.  Army  1-uul  Warfare  Laboratory  and  II. I1.  White  Laboratory). 
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SILT  JON  I.  SC0P1.  01-  WORK 


1.  OKJUCriVli 


IT>o  objective  of  these  tests  was  to  provide  the  external  ballistic  data 
necessary  to  assess  the  ballistic  performance  of  the  "Nelson  Marking  Pellet" 
when  fired  from  a 12  Gauge  M1200  not  gun  and  also  from  a CO,  powered  Marking 
Pistol. 


2.  MAT! -RIALS 

The  following  materials  were  used  in  the  conduct  of  this  test  program: 

a)  12  Gauge  l.i(|uid  Ball  (Nelson  Marking  Pellets]  less  lethal 
projectiles  (see  figure  1J. 

bj  12  gauge  shot  shell  cases  specially  loaded. 

e)  M1200  12  Gauge  riot  gun  (Serial  No.  1.571489). 

J)  "Nel-Spot  0U7"  GO,  pistol  and  CO,  power  charges.  i-See  f igure  2) 

ei  Miscellaneous  range  and  photographic  equipment  (see  Appendix  GJ . 

3.  SCOl'h  01  TLSTS 

eighteen  (18J  rounds  of  J2  Gauge  Liquid  Ball  ammunition  were  fired 
on  an  instrumented  indoor  range  to  determine  velocity,  accuracy,  muzzle 
exit  phenomena,  and  impact  characteristics. 

lorty-five  (45)  "Nelson  Marking  Pellets"  were  fired  from  a "N'cl-Spot  007" 
marking  pistol  (CO,)  on  an  instrumented  indoor  range  to  detennine  velocity, 
accuracy,  muzzle  eXit  phenomena,  impact  characteristics,  ami  the  effect  of 
shooter  stress  on  accuracy.  Ten  rounds  were  fired  on  an  outdoor  range  to 
detennine  maximum  range  and  maximum  effective  inttnig  range  when  the  pro- 
jectiles are  subject  to  environmental  variable’s  such  as  wind.  Ihree  (3) 
rounds  were  tested  to  detennine  the  el  feet  of  cold  temperature,  (see  Table  1) 


TABLE  1.  SCOPE  OP  TESTS 


l.  \i:;.;x:ity 


a)  The  velocity  ol  fifteen  (IS)  rounds  of  the  1 2 Tange  Liquid  Ball 

;unmiuiition  fired  from  an  M1200  riot  gun  and  twenty-one  (21)  Ncl-Spot 
Marking  lVllets  fin'd  from  a "Nel-Spot  007"  pistol  was  derived  from 
data  collected  by  erecting  lumiline  screens  5. On,  K.Ob,  14.0  and  17. i) 
feet  (1.54,  2.1b,  1.54,  and  5.4b  meters  respect  ively)  from  the  muzzle 
of  the  prone/rest  fired  test  weapon.  The  outputs  of  these  screens 
activated  time  inteival  counters  from  which  the  velocities  at  2 and 
5 meters  from  the  muzzle  were  calculated. 

bi  Velocity  of  two  (2)  each  of  the  12  ilaugo  Liquid  Ball  a ltd  Nel-Spot 
Marking  Pellets  was  calculated  from  data  extracted  from  high  speed 
motion  pictures  of  the  muzzle  ;uid  initial  lew  feet  of  projectile  flip, lit 
recorded  by  lbmrn  lastax  motion  picture  cameras  positioned  4 feet 
S inches  to  the  right  of  the  line  of  fire  and  ‘a  inches  in  front  of 
the  muzzle.  Ihe  film  speed,  used  to  compute  the  projectile  velocity, 
was  determined  from  timing  marks  on  tile  film  created  by  a time  pulse 
generator. 


2.  ppa!ia:i:Li.  i.nluci 

Projectile  energy  was  calculated  In  applying  the  unfired  projectile 
weight  and  the  velocity  data  derived  per  1,  above,  to  the  standard  energy 
formula-- 

kinetic  bnergy  - (1/2)  .'1Y“ 


5.  ACCURACY 

Ihe  accuracy  of  the  12  C.auge  Liquid  Ball  ammunition  was  determined  from 
impact  data  oil  a target  constructed  of  2"  x 1"  wood  backing,  1/2-inch  thick 
liomasote  and  faced  with  paper.  The  accuracy  of  the  annum  it  ion  was  detennined 
by  measuring  the  horizontal  and  vertical  dispersion  from  the  aiming  point  on 
t!ie  target.  Standard  deviations  in  the  x and  y directions  and  the  mean  radius 
were  calculated. 


4.  IMPACT  Cl  1ARACTLRIST ICS 

Indentations  in  the  liomasote,  produced  by  each  projectile  impact,  were 
measured  using  a depth  micrometer  and  the  average  indentation  was  calculated. 
Indications  of  projectile  attitude  at  impact  were  observed  and  noted.  These 
data  were  collected  from  the  target  when  positioned  b.4,  20,55,  and  50  meters 
from  the  muzzle  of  the  prone/ rest  fired  test  weapon. 
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5.  1.1TPCT  OF  SHGOTHR  STRllSS  ON  ACCURACY 

Three  (5)  shooters  fired  five  (5)  "Nel  Spot  Marking  Pellets"  each  at 
an  anthropometric  silhouette  target  positioned  35  meters  from  the  shooter. 

In  order  to  induce  stress,  each  shooter  was  told  that  he  would  have  an  average 
of  4 seconds  (varying  from  3 seconds  to  5 seconds}  to  raise  the  pistol,  sight 
and  fire  at  the  target.  This  timing  was  accomplished  by  utilizing  a cardboard 
shield  which  obscured  the  shooter's  view  of  the  target  before  and  after  each 
shot.  No  warning  was  given  before  the  shield  was  raised  and  the  time  interval 
started.  The  coordinates  of  each  shot  in  relation  to  the  center  of  the  chest 
area  of  the  silhouette  were  recorded.  Whether  or  not  a hit  had  been  scored 
on  the  man-size  silhouette  was  recorded  ;ind  any  hits  in  critical  areas  (groin 
and  eyes)  were  noted.  Standard  deviation  in  the  x ;ind  y directions  ;uid  the 
mean  radius  were  calculated  from  these  data. 


0.  MW  1 MUM  RANCH 

The  "Nol -Spot  007"  (las  Pistol  with  its  barrel  elevated  30°  from 
horizontal,  was  fired  from  a bench  rest  on  a 400-meter  outdoor  range.  After 
each  shot,  the  distance  the  projectile  traveled  before  its  initial  impact  with 
the  ground  was  measured  as  well  as  the  deflection  right  or  left  of  the  line 
of  sight. 


7.  MAXIMUM  L!  Ff.Cn VI  IllTlTNC  RANCH 

‘l he  "No  1 -Spot  007"  das  Pistol  was  bench  rest  fired  at  an  anthropometric 
silhouette  target  positioned  35  meters  from  the  muzzle.  After  three  (3) 
firings  without  scoring  a hit  on  the  silhouette,  the  target  was  moved  to 
30  meters  from  the  muzzle  for  the  remaining  four  (4)  firings.  Wind  velocity 
at  each  firing  was  measured  using  a lVycr  "Wind  Meter."  Silhouette  target 
hits  and  nesses,  impact  coordinates,  and  flight  tii  ■>  from  muzzle  to  target 
(timed  hv  stop  watch)  were  recorded,  Hstimate  ...  .....ximum  effective  hitting 
range  was  the  average  of  three  (3)  observers  opinion  of  range  at  which 
tactical  hits  could  be  expected  under  test  conditions. 


S . COLD  THMPHRAIU'd:  FIRIN'd 

'ltirec  (5)  of  the  "Mel-Spot  Marking  Pellets"  were  stored  at  -45°F  for 
74  hours,  lhey  were  then  stored  for  one  additional  hour  at  l)c’l  before  nc  ing 
loaded  into  the  machine  rest  mounted  "Me  1 -Snot  007"  CO,  pistol.  It  was  planned 
that  each  shot  was  to  be  remotely  fire  ;ind  that  impact “coordinates  and  the 
indentation  in  the  "Ilomasote"  faced  target  were  to  be  measured  and  recorded. 
This  procedure  was  altered  during  testing.  (See  SUCTION  11.  RliSIll.TS) 


‘).  mu::u:  i;xn  piu:nomi.\a 

Three  (3)  12  tiauge  Liquid  Balls  wore  photographed  as  they  exited  the 

muzzle  of  the  M1200  riot  gun.  l\vo  (2)  rounds  were  photographed  using  two  (2) 

IOiiim  lastax  High  Speed  Motion  Picture  cameras  simultaneouslv.  One  lastax 
c;unera  was  positioned  perpend icular  to  and  4 feet  8 incites  from  tin  1 01  lire, 

0 inches  forward  of  the  muzzle.  The  other  lastax  camera  was  positioned  38.3 
feet  torward  of  the  muzzle,  3 feet  to  the  left  of  the  line  of  fire  ;md  focused 
on  the  muzzle.  Both  cameras  ran  at  a nominal  1000  fnimes  |x-r  second.  The 
third  round  was  photographed  using  a l.inhof  4"  x 5"  camera  positioned  4 feet 
to  the  right  and  1 foot  in  front  of  the  muzzle,  lout  (It  Tenoral  Radio 
"Stroboslave"  recycling  flash  units  were  pulsed  at  .0013  second  intervals 
for  a flash  Jut  at  ion  of  .000003  seconds  each.  These  strobes  provided  four 
(4)  exposures  of  the  projectile  within  17  incites  of  the  muzzle.  Six  (o) 

"Mol -Spot  Making  Pellets"  were  photographed  as  they  exited  the  muzzle  ol 
the  "Mel -Spot  007"  TO.,  pistol.  I'wo  (2)  rounds  we  tv  photographed  using  the 
l(>mm  lastax  equiptnont'as  described  above,  lour  pi)  rounds  were  photographed 
using  the  recycling  flash  units  described  above.  Projectile  muzzle  exit  was 
studied  by  examining  the  loimn  high  speed  motion  picture  film  and  enlargements 
of  the  4"  \3"  microflash  photography  (See  figure*  3 thru  7). 


10. 


SAI1.TY 

Normal  safety  procedures  were  used  during  the  conduct  of  these  tests. 


SICI'ION  ill.  RliSULTS 


i.  vmi.ocity 

Tabic  1 1 is  a summary  of  the  velocity  data  contained  on  the  data  sheets 
of  Appendix  A. 

TAB1J:  II.  Rl .SUMS  Or  VhliXUTY  TLSTS  (l'.p.s.) 

12-Gauge  Liquid  Ball 

12  Gauge  Liquid  Rnl 1 , (Nel -Spot  WaiTung  T’cTTctsJ 
Ml 200  12  Gauge  Riot  Gun 


Maximum 

Minimum 


Muzzle** 
(2  ids) 

47 1 . 5 

300.5 


2m* 

(IS  rds) 
404  .0 
271.0 


5m* 

( 15  rds) 

351.0 

157.0 


Average 

451.0 

352.8 

270.3 

\e 1 -Spot 
No  1- Spot 

Marking  Pellet j 
007  GO,  Pistol 

Muzzle** 
C rds) 

2m* 

(21  rds) 

5m* 

(21  rds) 

Maximum 

350.5 

288.0 

205.8 

Minimum 

335.8 

244.4 

220.4 

Average 

540.2 

200.1 

240.8 

JLumilino  screens/time  interval  counter 
(accuracy  - 3 l'.p.s.) 

**lligh  Speed  Motion  Pictures 
(accuracy  20  l'.p.s.) 


2.  I’ROJhCTILH  liNliKOY 


Table  III  is  a summary  of  calculations  based  on  the  data  contained  in 
Appendix  A. 

TABLIi  111.  PKtXJLCriLli  LNliRCY  (fi-ll>s) 

12  ('.auge  Liquid  Ball 


12  Cauge  Liquid  Ha  1 1 (Nel -Spot)/! 2 Cange  Shotgun 


— g — 

A T .. 

Muzzle 
(2  ids  j 

2m 

(15  rds) 

5m 

( 13  ids) 

■ 1 
j 

i 

j 

5 

* 

Maximum 

20.3 

15.0 

11.3 

1 

i 

i 

Minimum 

1 1.0 

0.8 

2.3 

j 

i 

Average 

17.2 

11.5 

7.5 

Nel -Spot 

Marking  Pellets 

(No  1 -Spot 

007  lit, Pistol] 

i 

! 

Muzzle 
12  lxl  s) 

2m 

(21  rds) 

Sin  i 

(21  rds) 

i 

i 

i 

Maximum 

11.0 

7.0 

0.5 

i 

1 

Minimum 

10.3 

5.5 

4.7 

j ; 

1 i 

Average 

11.0 

0.2 

5 . 3 

i j 

i 

[ i 

i 

ACCURACY 


Table  IV  is  a summary  of  calculations  based  on  the  data  contained  in 
Appendix  A. 

TAB Lb  IV.  RT. SUITS  OF  ACCURACY  TbSTS 
12  Gauge  Liquid  Ball 


Target 
: Distance 
(.meters) 

Group  Center 
(from  point  of  aim) 
(in.) 

± Y 

Extreme 

Spread 

(in.) 

x y 

Standard 
Deviation 
(in.) 
x y 

Mean 

Radius 

(in.) 

i 

12  Gauge 
: Ml  200  12 

Liquid  Ball  (Ncl 
Gauge  Riot  Gun 

-Spot  Marking  Pellets) 

o.4 

-<•0.4 

+0.2 

12.3  13.8 

4.2  5.1 

5.4 

: 20 

Projectiles  broke  in 

flight.  2 of 

7 reached  target. 

' Nel-Spot  Marking  Pellet 
! Nel-Spot  007  C0-,  Pistol 

i 

0.4 

-1.2 

+0.9 

9.2  6.2 

2.9  2.3 

2.9 

| 20 

-5.4 

+ 5.7 

14.0  40.7 

6.1  14.2 

12.8 

55 

-22.7 

-5.1 

47.5  54.7 

13.2  19.8 

19.5 

4.  IMPACT 

□ LMUCTbRISTICS 

None  of  the  12  Gauge  Liquid  Balls  or  Nel-Spot  Marking  Pellets 
produced  a measurable  impact  on  the  llomasote  faced  target. 


5.  EFFECT  OF  SHOOTER  STRESS  ON  ACCURACY 


Table  V is  a summary  of  the  calculations  based  on  the  data  contained  in 
Appendix  A. 


TABLE  V.  SUMMARY  OF  STRESS  TEST  RESULTS 
Nel-Spot  Mark  inn  lVllets  - Me  1- Spot  007  CO,  I’istol 


Shooter 

Group  Center 
(from  point  of  aim) 
(in.) 

x y 

Extreme 

Spread 

(in.) 

* y 

Standard 

Deviation 

(in.) 

* 

Mean 

Radius 

(in.) 

Total  Hits 
on 

Silhouette 

Hits  in 
Critical 
Area 

A 

♦ 10.1 

-33.4 

22.1 

m 

8.3 

4.9 

7.1 

1 

0 

U 

+ 22.1 

-15.5 

31.8 

30.7 

19.2 

12.7 

19.1 

1 

0 

c 

-24.2 

-29.1 

1 

2‘).  O 

31.(1 

12.7 

11.5 

14.5 

0 

0 

6.  MAXIMUM  RANGE 

Table  VI  . is  a summary  of  the  data  contained  in  Appendix  A. 


TABLE  VI  MAXIMUM  RANGE 


No 1 -Spot  Marking  Pellets  - 


Nel-Spot  007  CO.,  Pistol 


Distance 

Deflection 



(meters) 

(meters) 

Maximum 

u7.P 

2!  .P-rinht 

Minimum 

u2.o 

4.0-ricnt 

Average 

L..J- 

'.2.  5-  rij;ht 

7.  MAXIMUM  EFFECTIVE  HITTING  RANGE 


Table  VII  is  a summary  of  the  data  contained  in  Appendix  A. 


TABLE  VII  MAXIMUM  EFFECTIVE  HITTING  RANGE 

Ncl-Spot  Marking  Pellets  - Nel-Spot  007  C07  Pistol 


I Impact 

Average 

1 Coordinates 

Wind 

Flight 

1 (in.) 

Velocity 

Time 

1 x y Hits 

(m.p.h.) 

(sec.) 

Remarks 

TARGET  DISTANCE  35  METERS  (3  ROUNDS) 


-70.5  -31.0  0 0.0-9. 5 0.8*  2 projectiles  impacted 

ground  at  25  and  30 
meters. 

TARGET  DISTANCE  20  METERS  [4  ROUNDS) 

-7.9**  -1.0**  1 10.0-11.5  0.5**  1 projectile  broke  in 

bore  at  firing 


*One  round  only. 
**Three  rounds  only. 


It  was  the  opinion  of  the  three  (3)  observers  that  the  maximum  range  at 
which  tactical  hits  on  a man  could  be  expected  was  approximately  10  meters. 


8.  COLD  TEMPERATURE  FIRING 

The  Nel-Spot  Marking  Pellets  expanded  during  the  cold  storage  conditioning 
so  that  they  would  fit  into  the  magazine  of  the  Nel-Spot  007  CO2  pistol  but 
would  not  enter  the  chamber.  No  shots  could  be  fired. 


9.  MUZZLE  EXIT  PHENOMENA 

ITe  muzzle  exit  of  three  (3)  r )unds  of  12  Gauge  Liquid  Ball  was  recorded 
photographical.lv --two  (2)  with  Ibmm  high  speed  motion  pictures  and  one  (1) 
with  recycling  micro flash.  Analysis  of  the  fiDn  revealed: 

a)  Round  No.  17  stiows  project  i io  filler  (paint)  exiting  projectile 
beginning  approximately  10  inches  from  muzzle. 


E - 15 


b)  Round  No.  18  shows  gas  exiting  the  muzzle  before  the  projectile 
and  projectile  spil’ing  filler  (paint). 

c)  Round  No.  lb  (microflash)  shows  projectile  filler  (paint)  exiting 
projectile.  (See  Figure  3) 


The  muzzle  exit  of  six  (6)  rounds  of  Nel-Spot  Marking  Pellets  was 
recorded  photographically--two  (2)  with  lOirsn  high  speed  motion  pictures  and 
four  (4)  with  recycling  microflash. 


a)  Round  40  projectile  obscured  in  gas  ((XL)  during  first  8 
inches  of  flight-~no  abnormalities  observed. 

bj  Round  41  shows  gas  (CO,)  exiting  muzzle  before  projectile-- 
no  other  abnormalities? 

c)  Rounds  No.  38,  3i),  and  40  the  projectile  is  obscured  by  gas  (CO2) 
for  approximately  In  inches  of  flight. 

d)  Round  No.  20  is  obscured  by  gas  (CO^)  for  approximately  20  inches. 


i 

i 

j 
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APPENDIX  A 
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Weapon  1-^-  M1200  >>1.571489 

Ammunition  1-^a.  Liquid  Ball 


go  weigh 


Date  25  October  1973 Shooter  Poole Job  No.  1883-  12 

Temperature  t>0°P  ; ffamidity  Recorder  .Sumgait Page 

2-Meter  Screens  5.06'  and  8.06'  (over  3 ' ) Chronograph  h.il.  Weapon  12  Ga.  M1200  ?L571489 
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OBSERVED  DATA 


MAXIMUM  RANGE 

Nel-Spot  Marking  Pellets  - Nel-Spot 
Barrel  Elevated  30 


Date:  5 February  1974 


Temperature:  30° F,  variable 

c^oss  wind  (left  to  right) 


F-2y 


007  C0o  Pistol 


Remarks 


I 


r* 


ft 


; OBSERVED  DATA 

I 

« 

* MVX1MUM  EFFECTIVE  HITTING  RANGE 

' Nel-Spot  Marking  Pellets  - Nel-Spot  007  CC^  Pistol 


Date:  1 March  1974 

Temperature:  45°F,  variable  cross  wind 

right  to  left 


Round 

No. 

Impact 

Coordinates 

(in.) 

* y 

Silhouette 

Hit/ 

Missed 

i 

Wind 

Velocity 

(m.p.h.j 

Flight 

Time 

(sec.) 

Remarks 

TARGET  1 

)I STANCE  35 

METERS 

04 

-70.5  -31.0 

Missed 

9.0 

0.8 

65 

- 

Missed 

9.5 

- 

Hit  ground  at  25m. 

66 

- 

Missed 

9.0 

- 

Hit  ground  at  23m. 

TARGET  I 

)1  STANCE  20 

METERS 

67 

-13.5  +29.7 

Missed 

10.0 

0.5 

68 

-18.7  -22.4 

Missed 

10.0 

0.5 

69 

+8.6  -12.0 

lilt 

11.0 

0.4 

70 


Missed 


11.5 


Broke  in  barrel. 


OBSERVED  DATA 


COLD  TEST 

Nel-Spot  Marking  Pellets  - Mel-Spot  007  CO^  Pistol 


Hate:  12  February  1974 

Ammunition:  Stored  at  -45°F  for  24  hours. 

Stored  at  0°F  for  1 hour  immediately  before  firing. 

Machine  rest,  lanyard  fired 

Target:  72  meters 

Aiming  point:  47  1/2  inches  high 


Round 

No. 

* 

(in.) 

(in.) 

Indentation 
(in  ) 

Remarks 

71 

_ 

Paint  halls,  when  subjected 

" • 

- 

- 

to  cold  temperature,  expanded 

77) 

and  would  not  lit  into  the 
bore  of  the  pistol. 

F-^l 


CALCULATED  DATA 


ACCURACY 

Nelson  Marking  Pellet 
35  Meters 


Round  No. 

Coordinates 
CM-) 

Calculations 

Radius 

(in.) 

X 

y 

(x  - x) 

(y  - y) 

33 

-3!' . () 

-0.7 

265. GO 

21  16 

16.9 

54 

-17.8 

-15.4 

24.  01 

106. 09 

11.4 

55 

-43.7 

1 

► 7.  1 

441. 00 

148. 84 

i 

24.  3 

I 

3o 

i 

-15.8 

-15.  0 

47.  61 

116.64 

12.8 

37 

- Mi.  !) 

-16.  (1 

33.  64 

132.25 

12.  9 

5.3 

-17.0 

- 10.  8 

32.40 

216. 00 

15.  8 

59 

-8.3 

+ 84 . 0 

201.64 

1600.00 

42.  5 

i 

: 

| 

! 

1 

x 1 

l in. ) 

>' 

(in. ) 

Standard  Peviation 

--- 

5.2 

19.8 

--- 

Mean 

x=  -22.  7 

>■=  -5. 1 

--- 

--- 

19.5 

Extreme  Spread 

47.  5 

54.  7 

— 



ft  ■*-o~v*»?v=3«: . Tsrawrf  • vr^-rz  mktysv't^  yj  >s^c--T<jcwr  i-wtorw  "T,  -^Pt^r^n  ‘■wssrrfcp  ;"»v  srrytt-v?  '•^’-w'^  .i^sw^v/- '. 


CALCULATED  DATA 


RounJ  No. 


ACCURACY 
Timed  lire 
Ni'Isun  Super  Sj K) t 

... . .'kijUui^JVJUyt - 


Coord  iii.it  cs 

(in.) 


Ca  leulu Lions 


Standard  J)l-v iut  ion 
Mean 

Extreme  Spread 


-24.2  - 2;i.  • 

29.9  ■ 31.il 


Radius 
(in.  j 


X 

i 

y 
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APPENDIX  C 
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TEST  INSTRUMENTATION 
EQUIPMENT  AND  MATER  I US 

1 - Oehier  Model  41B  Chronotach,  calibrated  at  factory  in  May  1973 

1 - Electronic  Counters,  Inc.  Model  4010  Velocity  Computing  Chronograph, 

calibrated  at  factory  in  June  1973 

4 - Oehler  Model  35  Lumiline  Screens 

2 - Fastax  16mn  High  Speed  Motion  Picture  Cameras 

1 - Wollensak  Model  3106  Time  l\ilse  Generator 

2 - Colortran  1000  Watt  Lights 
2 - Wollensak  1000  Watt  Lights 

4 - 100-foot  Rolls  Kodak  Lktachroine  (7242)  16™  High  Speed  Film  (GFL) 

4 - 100-foot  Rolls  Eastman  l)ouble-X  Negative  (722)  16™  High  Speed  Film 
1 - Vanguard  Model  16C  Motion  Analyzer 
4 - General  Radio  Type  1539  "Strobof lash"  Microflash 
1 - General  Radio  Model  1541  Multi-Flash  Generator 
1 - lanhof  4x5  Camera  with  Kodak  fl.S,  135mm  Lens 
6 - Royal  Pan  4"  x 5"  Cut  Film,  Type  4141 

Various  darkroom  and  photographic  equipment 
100-meter  indoor  range  having  ceiling  height  of  12  feet 
400 -meter  outdoor  range 

Miscellaneous  range  supplies  and  equipment 

1 - Specially  constructed  target  (Homasote  faced),  llomasote  Company, 
Lower  Ferry  Road,  Trenton,  N.J. 

1 - Dry  Ice  Freezer  Unit 

1 - Rochester  Thermometer 

1 - Plywood  Anthropometric  Silhouette  Target  based  on  1960  Dreyfus  data 
1 - Dwyer  Kind  Meter,  F.W.  Dwyer  Mfg  Co.,  Michigan  City,  Indiana 
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Ml  SPOT  MARKING  f(U{1« 

(li«(  *4t«i'»i  cilif) 

fvK  R'V.W  i.'AKf-  A.', I loifS  0*  «■ 

v.'sr  "Stimim;  tss,  ,vmt  Nf i siyr  -mr  or  “tor 
vakhint.  cun  m v ,vi  rniOk'iii  (mi  cap  prom  tube 

AND  ROll  GINIINIS  I’.IO  MAGA/iNf 

LIMITCO  STORAGE  llfE.prir  COOL  t.  (-RV  AVOID 

LTAiwunlmi'?'  Mfp  A,;w  CI"lMtN 

CONTtHTS:  12  14  UNIT  TUBES 
(Itt  ACT  COUNT)  MADE  IN  USA. 

60UTAS  MARCAOORAS  HU  SPOT 

(li  fnaji  Miici  tl  talar) 

P'.RA  V.’.CUR  A P.'SKV'lA  4MVAMS  AR0OWS  Y 
C-Sl  >?CA  ClASI  PI  sun  Rf  ICHS  USfNSf  CON  l* 

;,!l  sppt  'nr  o -tv  ounrsr  ia  tapa 

PlM»OA  I INStRTINSE  US  COlllAS  (N  II.  MAC  AT  IN 

OURACION  Of  AlMACfHJjf  LIMITADA— CUAROENSC 

fN  UN  IUGAR  f Hf sen  5'N  I'UV.  OAO  IVItl  Qur  SI 
CONGE  UK  NO  l*S  Annul  Al  lUICO  KNGANSC 
AIE.’ADO  01 1 OS  MnCS  ri  I if.KOSO  A COMER  , 

CONTEMDO  12  miNOROS  CON  14  BOLITAS  i 
CAOA  UNO  1168  BOLiTAS  fH  TOTAL) 
PRODUCTS  0£  E.U.A. 

PIOMBS  MARQUEURS  nel  spot 

111  lialt  miiRue  ll  caultar) 

POUR  MARCHER  A DlSUNCf  US  ANlUfAUX  US  ARBRES 
ir  ia  pi u par i rts-sup* acis  uniisiR  we  u 
PlSIOlll  A Picvns  Nil  SPOT "li«/"OU ' 1Q1 " ENIEVER 
It  COUVERCl E COiORf  (T  INTROcuiRf  US  PlOMBS 
I ANS  U MAC;, SIN  OU  PISIOUT 

EMMACASINACE  LIMlTE— CONSIRViR  DANS  UN  fN- 
OROlt  IRAIS  [i  SIC  (V'llR  If  Cl l M PAS  APPRO- 
CMUUr,EMR  (lOlCNf  OES  (NlANIS— DANGER- 

CONTENU:  12  TUBES  ftVEC  14  PIOMBS  CHACUN 
(TOTAL  Of  168  PIOMBS) 

FA8RIQUE  AUX  ETATS  UNIS. 

NET  SPOT  MARKIERUNGSPIATECHCH 

(On  SlfCltn  »nM  Bit  fjfbt  ja) 

v;  cfR  Mi  sror  • coir  ■•lor  markierungs 

PlSTOlE  MV  If R'iVAN-ki! Sf  1 VON  T if Rf N BaUMfN 
UNO  Oil  VIISIIN  Or.-itfUO'EN  ZU  GEBRAyCHI N DEN 
ClfaRBTEN  OECfl.  AP/UNtHMEN  UNO  OlE  PUUCHEN 
INS  MAC  A/ IN  ElWllStUEN 

BtGREMZTE  LAGER2EIT  — Kjiil  UNO  TROCaIN  JU 
■ IAGCRN— YOR  f ROST  7U  SCHuT  TIN  UMCANG  BE  I OF- 
FINER  ILA.MMI  VfRVIlOfN  S'Cu  VON  NiNDER  FERN- 
TUHAlfEN— GIFAiiRt ICH  IJ  ESSEN. 

6EHAIT:  12  TUBE  JEOE  MIT  14  PiaTZCHCN 
(ISBCR  PACKUKS)  U S A.  — ER2EUCNIS. 

THE  NELSON  PAINT  COMPANY 
IIOK  MOUNTAIN.  Ml.  AUtll 
MONTGOMERY,  AL.  MIBB  - McMINNYlUi,  01. 17121 
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Figure  1.  12  Gauge  Liquid  Ball,  Round  and  Components. 
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Figure  2.  Nel  Spot  007  CO^  Pistol  Power  Charge 
and  Nelson  Marking  Pellet  Projectile 


Figure  3.  Round  Number  16.  Microflash,  12  Gauge  Liquid  Ball  Projectile  £ Wad. 


Figure  S.  Round  Number  43.  Microflash,  Nelscn  Marking  Pellet  Fired  fro«  a "Nel-Spot"  007  CO ^ Pistol. 


Figure  6.  Round  Number  44.  Microflash,  Nelson  Marking  Pellet  Fired  from  a "Nel-Spot"  007  C0_  Pistol. 


Figure  7.  Round  Number  4S.  MicroflasI:,  Nelson  Marking  Pellet  Fired  from  a "Nel-Spot”  007  C02  Pistol 


